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ARMSTRONG’S PERSONNEL PROGRAM 


A ten-point program activates the company’s overall personnel project. 


Plan recognizes value of 


maintaining records of the human element just as accurate as those of more tangible business factors. 


I is recognized generally today that the success of any 
business organization depends primarily upon the spirit, 
ability, and effectiveness of the persons associated with 
it Competing companies generally have about equal 
access to money, machinery, and materials, so that almost 
invariably it is the company with the best men, the most 
satisfied employees that forges ahead. Industrial leaders 
are devoting more and 
more attention to the 
development of an ac- 
tive, carefully organ- 
ized personnel pro- 
gram as. one of the 
basic necessities for 
successful business 
operation, 

The Armstrong 
Cork Company has 
long been recognized 
as a leader, and some- 
thing of a pioneer, in 
the field of personnel 
administration. This 
company started in 
Pittsburgh in 1860 as 
a tiny plant for cut- 
ting cork stoppers for 
bottles. Through the 
years it expanded, and 
new products were 
added to the Arm. 
strong line—metal 
and plastic closures for jars and bottles, linoleum and 
other hard surface floorings, corkboard insulation and a 
wide variety of building materials, textile roll coverings, 
shoe products, and many others. Then, in 1938, so that 
the company could offer a complete package,” Arm- 
strong bought the Millville, N. J., glass plant of the 
Whitall Tatum Company and the Dunkirk, Ind., plant of 


years of service. 
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Three of fifteen employees of the Millville, N. J., glass plant of the 
Armstrong Cork Company with service records of 50 years or longer. 
The photograph, taken at a recent dinner held in honor of the fifteen, 
shows Harry Brown (center), who has worked in the plant for 60 
years; and identical twins, Harvey and Howard Wallace, each with 50 


“ 


the Hart Glass Manufacturing Company. 

The company’s progressive personnel program and the 
employee benefits existing under it were applied imme- 
diately to these two new members of the organization, 
even to the extent of recognizing the old employees’ years 
of service in computing retirement benefits. 

The fundamental objective of Armstrong’s personnel 
policy is found in its 
frequently repeated 
theme, “We want our 
company to be one 
with which we may be 
proud to be associated 
and one for which 
men and women want 
to work.” The com- 
pany’s leadership in 
the field of manage- 
ment-employee coop- 
eration stems from a 
constant and con- 
scientious effort to 
carry out this theme 
in actual practice. 

The primary tools 
for activating the 
theme are represented 
by Armstrong’s ten- 
point personnel pro- 
gram: 

1. The company is 
determined to have as- 
sociated with it—in each position—the most capable in- 
dividual available. 

2. The company seeks to train thoroughly each of 
these carefully selected individuals so each may become 
increasingly effective in his position. 

3. The company seeks to provide security of job and 
income for each employee. 
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4. The company is committed to pay each employee 
a fair wage for work performed. 

5. The company seeks to provide safe and orderly 
workplaces for each employee. 

6. The company seeks to instil in each employee pride 
in the policies, products, and progress of the company. 

7. The company seeks to provide each employee with 
reasonable working hours, affording enough time for 
relaxation. 

8. The company seeks to provide each employee with 
knowledge of what the company is doing, and an oppor- 
tunity to express his opinions freely. 

9. The company seeks to provide for each employee 
an opportunity to be prepared in case of sickness, acci- 
dent, disability, or death, and to provide an income for 
his declining years. 

10. The company seeks to provide for each employee 
some measure of protection against unavoidable periods 
of slack work. 

But these ten ideals, though they represent the skele- 
ton of Armstrong’s personnel program, are, at best, only 
the framework on which management-employee relation- 
ships are hung. The program as a whole is made to work 
by the specific practices and activities that have been 
developed to round out the basic ten-point plan. 

The Personnel Department responsible for carrying 
out Armstrong’s detailed program is headed by a General 
Personnel Manager who reports directly to the President’s 
office. This Department determines general policies and 
acts as an advisor to the eighteen plant personnel depart- 
ments that function in the individua! factories. 

Armstrong’s present personnel program has existed 
since 1937 when the General Personnel Department, seek- 
ing to modernize and improve its policies wherever pos- 
sible, solicited opinions and suggestions from approxi- 
mately 10,000 employees with a down-to-earth question- 
naire entitled “How Do You Feel?” This questionnaire 
listed specifically the various ways in which the company 
was striving to aid the individual worker and then sought 
comments as to how well the program was succeeding 
and how it might be changed to the greater satisfaction 
of the employees. 

Results of the survey indicated that some employees 
felt that the company was not keeping its workers suffi- 
ficiently well informed of developments within the organ- 
ization, that the company should make a greater effort 
to keep its employees abreast of policies and practices. 

Recognizing this as a logical criticism, the Personnel 
Department took immediate steps to improve its facilities 
for dispensing information, Obviously, there were two 
methods of transmission available—personal contact and 
published reports. The Department decided to use both 
media. 

Since every man has a right to expect his supervisor to 
keep him reasonably well informed, and since workers 
will turn to the right type of supervisor for information 
and advice, Armstrong started its new personnel program 
by revising its training program for supervisors. In 
years past supervisors had been trained by instructors 
from outside the organization. Though this training was 
unquestionably worth while, it lacked the intimate and 
practical touch of dealing with the actual problems of 
supervision within the Armstrong Cork Company. 

Consequently it was decided to develop a special com- 
pany training course under the direction of permanent 
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members of the Armstrong organization, In developing 
this course, a leaf was taken from the notebook of Arm- 
strong’s sales training program which had already been 
in existence for more than 20 years. Under this program 
young men had been recruited each year, chiefly from 
the graduating classes of colleges and universities across 
the nation, to be trained for sales positions. These young 
men were brought to the company’s General Office in 
Lancaster, Pa., for a period of orientation and instruction 
of approximately six months before receiving field train- 
ing. At the completion of his training and following 
assignment to the field, each man returned to the Home 
Office for a “Postgraduate Week” at least every other 
year. By frequent personal contact and by careful initial 
training these salesmen became well grounded in their job 
requirements and had an opportunity to absorb the funda- 
mental principles which actuate the company’s business, 

In contrast to the salesmen, many operating supervisors 
had never seen the General Office, had never met the 
officers of the company. For these supervisors a pro- 
gram referred to as “Home Office Week” was inaugurated, 
and more than 500 men, in groups of about fifteen, came 
to the General Office for a week’s stay. Seated around 
a table in the Boards of Directors’ Room, they met and 
talked with the head of every staff department and the 
executive officers, including the president and the chair- 
man of the board. This Home Office Program has con- 
tinued, and approximately one-third of the company’s 
supervisors return to the General Office each year for a 
week’s review. 

A second and most important phase of training is the 
program of Plant Conferences, Under this program lead- 
ers from the General Personnel Office during the fall, 
winter, and spring months visit each factory every three 
weeks for conferences with supervisory groups. Subjects 
discussed at these conferences are all selected by members 
of the groups themselves, The assistance of these super- 
visory conference groups is sought in the development 
of company policies, thus assuring that these policies 
are understood and supported by the men who administer 
them. “Management Notes,” a record of interesting com- 
pany and national affairs, written for supervisors, is sent 
each month to all conference members. 

To aid in training and developing new supervisors the 
company has produced a series of inter-related forms 
known as “The Supervisory Six.” These six media are 
designed for utilization with individuals, in contrast to 
group programs, and can be used for the training of any 
supervisor, in office or factory, in line or staff, and at any 
level. A short description of each of “The Supervisory 
Six” follows: 

1. The Position Specification, Before a supervisor 
can begin to function successfully, it is imperative that 
he know what is expected of him. This knowledge must 
be given in an organized manner and not through a hur- 
ried, generalized conversation. _ The Position Specifica- 
tion is an orderly presentation of the general and specific 
responsibilities of the supervisor’s position as prepared 
by his immediate superior. It presents a ready basis for 
review in case of changed responsibilities, and it serves 
as a written reference for use by the individual at any 
time. It is not in any sense restrictive, but is written in 
such a manner as to stress the scope of the position and 
its value to the company. 

2. The Degree of Authority Procedure. An effective 
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organization requires well-defined relationships among all 
individuals, particularly between the supervisor and his 
superior, Unless these relationships are established def- 
initely, experience proves that responsibilities may unin- 
tentionally not be fully assumed, “buck passing” in- 
creases, and the general tempo of organization action de- 
creases—primarily due to lack of understanding. The 
extent of “go ahead” must be defined by the superior, be 
done on an individual basis, and fully appreciated by 
both the superior and the supervisor. It is obviously de- 
sirable to have these working relationships clearly under- 
stood at the outset rather than endure the lengthy period 
of time required to have them become established through 
working experience on the job. Under the Degree of 
Authority Procedure the superior discusses in detail each 
responsibility assigned to the supervisor and records on 
a prescribed form the degree of authority he expects the 
latter to exercise. Generous use of case illustrations helps 
to define clearly working relationships and, as a result, 
the supervisor has a definite record for his guidance. 

3. The Supervisor's Performance Report. It is only 
human for a supervisor to direct his effort and attention 
to those points where the greatest pressure appears to be 
exerted at the moment, but this gives a disproportionate 
amount of attention to certain items and impairs the 
equilibrium of overall control. It is just as normal for 
a supervisor to devote the major share of his attention 
to those things which he has reason to believe are upper- 
most in the mind of his superior, Consequently the su- 
perior should cover periodically the agreed upon scope 
of responsibility with each individual supervisor and 
with him determine the relative importance of each func- 
tion assigned, as a guide to correct allotment of super- 
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visory time and attention. As a means of facilitating and 
assuring that this is accomplished, the Supervisor’s per- 
formance Report is introduced. This form is designed 
to present on one summary sheet the record of perform- 
ance of the major responsibilities of the supervisor, and 
trends become evident as facts are entered periodically. 
Included in the report are cost factors, quantity produced, 
quality achieved, labor turnover rates, absenteeism, griev- 
ances, accidents, suggestions received, and other items 
pertinent to the control of the operation. The frequency 
with which it is used—monthly, weekly, etc.—the specific 
items included, and the extent to which it is applied are 
determined by individual situations. 

4. The Review of Service. The development of a 
supervisor to his full eflectiveness—an objective of value 
to both the individual and the company—requires a peri- 
odic, comprehensive evaluation of his total performance 
and potentialities. If the maximum gains are to be se- 
cured, this evaluation must be done in factual terms to 
provide the basis for positive action. Armstrong’s Re- 
view of Service plan consists of two basic steps. First. 
an analysis of a supervisor’s performance and a plan for 
future development are made by his immediate superior, 
and second, this analysis and plan are discussed in detail 
with the individual. In making the analysis the superior 
sets forth his opinion, with supporting facts, of the per- 
formance of each responsibility, notes special traits, ex- 
perience, and aptitudes, and summarizes not only strong 
factors, but those which might be further strengthened. 
The final step of the analysis is to list suggestions and 
plans for the supervisor’s further development, In the 
second phase, the interview, the superior discusses the 


(Continued on page 462) 
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THE WARFARE OF THE GODS 


By F. W. PRESTON 


Editor’s Note: So that there would be maximum news 
coverage of Operations Crossroads, the Army and Navy 
issued invitations to attend the bomb tests to a selected 
group of publications in specific fields. The Glass Industry 
was chosen to represent the glass field and John T. Ogden 
attended the first bomb explosion at Bikini. Dr. Preston 
was present at the second test. 

It is impracticable for a monthly journal like The Glass 
Industry to compete with the daily press, the radio com- 
mentators, or the movie newsreels in picturing the blasts: 
nor was it possible for either of our emissaries to learn 
much of specific importance to the glass manufacturer. 
This may come later. Both Mr. Ogden and Dr. Preston 
are scheduled to report their personal experiences and re- 
actions to the Glass Division of the American Ceramic 
Society at the Columbus meeting later this month (Sep- 
tember 14th), but meantime Dr. Preston sent us some 
ruminations on atomic bombs and thunderstorms which we 
felt might be of interest. 

July 26, 1946 


(Bikini Date) 


Writ aboard the 
U.S. S. Appalachian 


I am in the position of Ben Backstay, when he fell 
overboard, * 


“They threw him out some tackling 
to give his life a hope, 
But, as the shark bit off his head 


He couldn’t see the rope.” 


The bomb went off, and I suppose it damaged some 
glassware: or maybe the glassware stood up remarkably 
well. But as the ships near the blast are at the bottom 
of the Lagoon, and those that floated are so “hot” with 
radioactivity that they cannot be visited, I haven’t been 
able to find out. 

Off the coast of California for eight hundred miles 
there is a nearly continuous blanket of quilted cloud, 
a thousand feet or so above the sea. Beyond that, as 
one nears Hawaii or continues on to Kwajalein and 
Bikini, the cloud structure is more open. The whole 
skyscape is dotted with cumulus clouds, mushrooming 
up here, there and everywhere, not unlike (though not 
entirely like) the atomic bomb cloud itself. This sug- 
gests some comparison of “thunderclouds” and atomic 
experiments, 

The energy released in an atomic bomb explosion is 
about 10*' ergs. This is no secret, for the fact has been 
announced many times, but usually in an indirect lan- 
guage. For instance, President Truman declared the 
bomb to be equivalent to about 20,000 tons of T.N.T., 
and the heat of combustion of T.N.T. is known, being 
around 1,000 calories per gram of the explosive, and 
a calorie is 4.2x 10" ergs. The information may also 
be deduced from the Smyth Report, which places the 
mass of uranium in the bomb at between 1 kilogram 
and 100 kilos. This leaves us some latitude, but the 
other published data lead us to suspect that the mass 
disappearing in the reaction is about 1 gram, which is 
equivalent, by the Einstein equation’, to about 0.9 x 107! 





1E = mc?, where E is energy in ergs equivalent to a mass of m grams 
and c is the velocity of light = 3 x 1010 cm/sec. 
21 B.T.U. = 252 calories = approximately 101° ergs. 
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ergs. Or again we have Commander Revelle’s statement 
that if all the energy of the bomb were used to heat the 
water of Bikini lagoon, it would not raise the tempera- 
ture of a square mile of the lagoon by as much as one 
degree. The published maps of the Hydrographic Office 
show that the lagoon is somewhat uniformly about 170 
feet deep, so Revelle’s statement means that the energy 
of the explosion is well under 10** ergs and is probably 
about 107, 

Now 10*! ergs is approximately 36,000,000 H.P.-hours, 
It is enough to keep a fifty-thousand horse-power plant 
going for a whole month: it is enough to drive a large 
liner or battleship at normal cruising speed completely 
round the world, If we assume that in current practice 
it takes eight million B.T.U. to melt a ton of glass, then 
the energy of an atomic bomb would run a medium 
sized glass-melting tank, making 70 tons of glass per 
day, for six months*, That is how much energy there 
is involved in the annihilation of one gram of matter. 

We shall, however, probably get a better perspective 
on the subject, and a more balanced conception of the 
size of the bomb, if we compare it with natural phe- 
nomena: with which we are thoroughly familiar, rather 
than by trying to visualize 20,000 tons of T.N.T. going 
off at once. Few, if any, of us ever expect to see that 
experiment, and it is describing the unknown in terms 
of the equally unknown. It seems to me better to de- 
scribe the bomb in terms of the thunderstorm, for almost 
all of us have seen thunderstorms, and most of us see 
many of them every year. Moreover, the thunderstorm 
occupies a unique place in our minds: we never tire 
of it: we always admire it: we are not strictly enamored 
of it, but we rejoice at its magnificance, we regard it 
with a mixture of reverence and awe, we are normally 
both frightened and uplifted, Historically, for Aryan 
and Semite alike, the thunderstorm is the physical em- 
bodiment of the Lord of Heaven, the clothing and pan- 
oply of the chiefest of the Gods. 

The winged bulls of Assyria are graven images of the 
thundercloud, and the cherubs that guarded the ark of 
the covenant are the same thing. For a cherub is not 
a fat-bellied baby on inadequate wings: it is a towering 
creature on gigantic pinions, with a voice of thunder, 
and dealing death by lightning. Thus the two cherubs 
that guarded the ark of the covenant stood fifteen feet 
high and had each a wing-spread of fifteen feet, and the 
sacrilegious sons of Aaron perished by lightning at their 
hands, 

And this perhaps also is the riddle of the Sphinx, 
half god, half lion, a graven image of the thundergod, 
in a land that scarcely knows a thundercloud, 

The ten commandments were uttered in a voice of 
thunder on Sinai and engraved upon stone by the light- 
ning, while a terrified encampment of Israel cowered in 
the valley below; and perhaps the golden calf that Aaron, 
or Jeroboam, made, would have been a winged bull if 
gold had been sufficient to model the grown animal. 
It was not till the time of Elijah that the still small voice 
replaced the thunderstorm as,the voice of God. 
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About the time that Moses communed with the thunder- 
god on Sinai, the Aryans were pouring through Khyber 
Pass into India. There they settled the vast plains of 
Indus and Ganges, with the Himalaya towering on their 
north. There the terrifying display of Sinai was multi- 
plied a million fold for in all terrestrial creation there 
is no such display of might as comes each year on that 
climatic day when Indra wheels his massed artillery 
against those stupendous ramparts and the monsoon 
breaks upon the roof of the world. 

Greece and Rome concurred in this, that the chief of 
the gods is he who wields the thunder. Jupiter is not the 
oldest of the gods: Saturn is older, But Jupiter Tonans, 
the thunderer, is president of the host of Olympus: to 
him the other gods, and goddesses, must ultimately ap- 
peal, and ultimately submit. Vulcan may sometimes 
stage a good show with Vesuvius or Stromboli, but he is 
but a lame god, a comic opera god, of whom even his 
wife is a little ashamed. But she does not take the thun- 
dergod lightly. 

We may see in all this the working of the basic primi- 
tive human mind: we see it in savages in ancient cul- 
tures, and in modern ones. Psychologically it is no 
doubt based on the fact that a tiny child, savage or 
civilized, is afraid of only two things, and one of them 
is a sudden loud noise; and the greatest of such noises 
is the thunderclap. In this respect, all religions have 
their final psychological bases in a primitive and basic 
instinct. 

We may now turn to the physics, rather than the 
psychology, of thunderstorms. 

To evaporate a gram of water at ordinary atmospheric 
temperatures requires 600 calories or 2.5x 10" ergs. 
Conversely, when a thunderstorm precipitates liquid rain 
from invisible vapor, it releases 2.5 x 10° ergs for every 
gram of water precipitated. 

We measure rainfall in inches of precipitation, and 
many a thunderstorm lays down more than an inch of 
rain, Sometimes it does not take it many minutes to do so. 

Now if an inch of rain falls over an area of a square 
mile, the number of grams of water is easily calculated, 
and from this we can compute the energy released. It 
comes out as 1.5 x 107! ergs. This is equivalent roughly 
to one atomic bomb, perhaps nearly equal to two. 

Now the area thoroughly devastated by an atomic 
bomb is probably at least a square mile, so we do not 
need to drop such bombs in a pattern closer than one 
to a square mile. In such a pattern they would be equiv- 
alent, in energy released, to an average good thunder- 
storm. 

There are differences, of course. Most of us would 
prefer the thunderstorm to a bombing on such a basis. 
We have a healthy respect for Jupiter Pluvius, even 
Tonans, but our respect for the Manhattan District is 
the respect we accord to the devil. Well-named is Plu- 
tonium, the material of the god of the underworld. 

One principal difference between the storm and the 
bomb is the fact that the storm normally releases most 
of its energy in the upper air, where we earth-bound 
creatures encounter little of it. Another is the fact that 
the energy of the storm is released more uniformly 





3Sailing Directions for the Pacific Islands, Vol. I, p. 575. U. S. Hydro- 
graphic Office, #165 (1938). 

4Chief of the Bikini natives. 

5This is the cross section of the earth, of course, not the surface of the 
earth: qr2, not 4772. 
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over the area, and has no centers of intensity comparable 
with that in the immediate neighborhood of the bomb 
explosion. The storm does not lay down a poisonous 
pall of radioactive fission products, slow-enveloping, in- 
sidious and sinister shroud of death. Finally, though, 
the storm may release more energy than the bomb, it 
takes considerably longer to do it, minutes at least, in 
place of seconds or fractions of a second. 

These are differences, and important differences; but 
the similarity in total energy, per square mile, of the 
bomb and the storm, is our point at the moment. 

The annual rainfall at Bikini Lagoon is not yet known. 
It seems reasonable to suppose it may be quite similar 
to that at Ujelang, also in the Marshall Islands. Here 
the rainfall averages about 83 inches per annum, and 
as much as 11.7 inches has been recorded in a 24-hour 
period.* Bikini Lagoon is about twenty miles long and 
averages ten miles ‘wide from north to south, Its area 
is therefore about 200 square miles. With a rainfall of 
eighty inches or more per annum, it follows that the rain 
is equivalent, in energy released, to some 15,000 or 
20,000 atomic bombs per annum, or an average of fifty 
atomic bombs a day—one every half hour, the year 
round. Such is the scale on which nature’ works at 
Bikini, and such the scale on which Admiral Blandy and 
Joint Task Force One operated. King Juda* should be 
glad that Jove looses his bolts upstairs, and not where 
Blandy placed his. 

What then must be the scale of operations when Indra 
assaults the thousand mile chain of the Himalaya? 

The energy received by the earth from the sun, at the 
top of the atmosphere, amounts to about 1.9 calories 
per minute for every square centimeter of area. This 
figure is known as the “Solar Constant.” The disc of 
the earth, 8,000 miles in diameter, has an area of 1.27 x 
10'* square centimeters.” The energy received by the 
whole earth per minute is therefore 10°° ergs, or the 
equivalent of 100,000 bombs per minute. 

This is Jove’s ultimate arsenal, from which he manu- 
factures his lightning bolts. This is the source of the 
fire and fury that blasts from the muzzles of Indra’s 
levelled guns from Kashmir to Assam. From this stock, 
too, the nameless gods of the Andes draw their power, 
and send the floods of the Solimoes each year to swamp 
the vast Selvas of the Amazon, earth’s greatest river 
system. Here, also, are replenished the black clouds 
shadowing with wings the land beyond the rivers of 
Ethiopia, sending their waters to the rainless vale of 
Egypt from sources known of old only to the Sphinx, 
whose enigmatical smile is perhaps that of the god of 
the storm-cloud, knowing more than mortals about these 
things. 

The Sphinx is smiling perhaps at the big bad bombs 
of Bikini, for he knows what a real arsenal is like, 


®@ Robert F. Walker, formerly with the Owens-Illinois 
Glass Company’s Streator, Illinois, plant, has been trans- 
ferred to the company’s plant in Gas City, Indiana. Mr. 
Walker is acting in the capacity of supervising industrial 
engineer. He worked at the Alton and Streator plants 
for thirteen years, and succeeds John Arnsman who will 
now work on new mechanical developments. 
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THEORY AND PRACTICE OF GLASS-METAL SEALS 


By A. J. MONACK 
Engineering Consultant, Rutherford, N. J. 


PART If 


Properties of Metals 


Just as in the case of glasses, the thermal expansion 
coefficients of metals are not necessarily criteria for 
judging the suitability of sealing to glass. Fortunately, 
the expansivities of most metals and alloys do not depart 
from linearity sufficiently to introduce complications. 
Nevertheless, some alloys do not have straight-line ex- 
pansions, e.g., Kovar, and the coefficient of expansion 
should be used with caution. 

In Table 5 are found nearly all of the metals and al- 
loys which have been found useful in sealing to glasses 
or which show promise for such use. A few materials 
are not included although they are potential sealing 
metals. Thus, nickel is not listed, although this metal, 
which normally bubbles badly when sealed to glass, 
may be used successfully for certain applications if 
first degassed by firing for 15-30 minutes in air, hydro- 
gen, or vacuum at about 1200°C. Monel metal, which 
might conceivably be satisfactory for certain types of ex- 
ternal seals, is not included. Similarly, certain varieties 
of stainless steel are excluded, Finally, Table 5 con- 
tains no information on metals or alloys which have 
been plated with copper, nickel, or chromium (other 
than Dumet and platinum-clad wire), although these 
combinations have shown at least some indication of 
successful application. In this connection, silver-plated 
steel has been sufficiently promising to warrant patent 
claims"®, 

The requirements which in general must be met by 
metals intended for sealing to glasses may be summar- 
ized as follows. 1) The thermal expansion throughout 
a long temperature range, from below room temperature 
to above the annealing point of glass, must be uniform. 
There must be no allotropic transitions accompanied by 
volume changes in the temperature range in which the 
glass is too rigid to release strains rapidly. 2) The 
metal must be stable during the operation of making 
the seal. The metal must not be soft and must not burn 
at the sealing temperature. 3) The adhesion to glass 
must be good. In nearly all cases this means that there 
must be good adhesion between the metal and its oxide. 
The oxide formed must not be flaky. 4) Any oxide 
formed must have a sufficiently low electrical resistance 
to permit welding or soldering to other metals. 5) The 
amount of gas given off by the metal must be small. 
6) The cost of the metal must be reasonably low. 

The detailed information given below, coupled with 
that of Table 5, indicates the degree of adherence to the 
above requirements. 


16. Miller, H. J. and Spooner, J. M., U. S Patent, 2,334,020 (November 
9, 1948). 

17. Private communication from Edward Wichers. 

18. Woehler, L. and Frev, W., Z. Elektrochem., 15, 129-42 (1929). 

19. Ellefson, B. S. and Taylor, N. W., J. Am. Ceram. Soc., 21, 205-13 
(1958). 

20. U. 8. Patent 1,140,136 (May 18, 1915). 
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1) Platinum, Platinum is the oldest sealing metal, 
It was used extensively in early tubes and lamps, and is 
still employed to some extent in laboratory glassworking 
and in the construction of certain types of scientific 
equipment, Platinum wire, however, because of its cost, 
now has no commercial importance in the manufacture 
of glass-metal seals, 

There are certain types of application in which a 
platinum tube is sealed through soft or hard glass (see 
Fig. 9). If used with hard glass, it is essential to main- 
tain a ratio of not less than 15:1 between outside diam- 
eter and wall thickness of the tube, 

It has been found’? that hardened platinum (the 5 
per cent iridium alloy) also gives satisfactory internal 
tube seals with hard glasses if the above ratio is main- 
tained. 

Platinum to be sealed into glass should be thoroughly 
cleaned. No special heat treatment is required prior 
to sealing. 

When heated to red heat, or higher, and permitted to 
cool to room temperature platinum does not form a 
visible oxide coating on its surface. It has generally 
been assumed that platinum possesses a very stable 
oxide layer, although Woehler and Frey'® found that 
platinum oxides in bulk were unstable at temperatures 
comparable to those required for glass sealing. Ellefson 
and Taylor’ determined that platinum is wet by glass 
in the absence of oxygen but that a marked increase of 
wetting occurs in the presence of oxygen. They postulate 
the formation of a surface oxide or silicate which can 
be decomposed by reduction of the partial pressure of 
oxygen gas, 

2) Platinum-clad Wire. Because of the high cost of 
platinum an attempt was made some years ago to retain 
the advantages of the platinum surface by sheathing a 
nickel-iron wire with platinum. The core was approxi- 
mately 48 per cent nickel and 51 per cent iron, and the 
platinum comprised 30 to 40 per cent of the weight of 
the entire assembly. The expansion was a match for 
several soft glasses in reasonably good manner, but the 
cost was still much higher than was desirable. 

3) Dumet. In 1913 B. E. Eldred invented”® a platinum 
substitute called Dumet. A large rod of nickel-iron 
alloy is surrounded by a sleeve of copper. The two are 
welded or brazed together, then swaged and drawn to the 
required wire size. The wire is drawn through a bath 
of molten borax, and the surface of the finished wire 
consists of a layer of cuprous oxide coated with borax. 

The core of this copper-clad wire is an alloy of 42 per 
cent nickel and 58 per cent iron, The copper sheath 
constitutes about 25 per cent of the weight of the com- 
plete wire. 


Since the core alloy may vary in expansion coefficient 
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TABLE 5 
Properties OF METALS AND ALLOYS 





Commercial 
form 


Metal 


Specific 
resistance, 
ohm-cm (20° C.) 
x 106 


Expansion 
coefficient, 
em/cem/? C, 

x 107 


Thermal 
conductivity, 
cal/em*/sec/° C. 





Platinum Wire, tube, ribbon, rings, etc. 


90.7 0.164 10 


(25-100° C.) 





Platinum-clad wire 
Core: Ni 48, Fe 51 
Pt: 30-40% of total wit. 


Wire to 0.120” diam. 


ca. 90 radial 





Dumet 
Core: Ni 42, Fe 58 
Cu: 20-30% of total wt. 


Wire to 0.032” diam., 
borax-coated 


Radial: 80-100 
Axial: 61-65 





Platinite 
Ni 46, Fe 54, 


, Wire to 0.200” diam. 
C0.15 





52 Alloy 
Ni 50, Fe 50 
(Carpenter “49”) 


Wire, rod, ribbon, etc. 


95 
(20-450° C.) 





Chrome iron, 25-30% Cr 
(Sealmet 1, Allegheny 55, Ascoloy 
146, Carpenter “27”) 


and stamped forms. 


Wire, rod, sheet, ribbon, punched 


108 
(20-500° C.) 





Fernichrome 


Wire, ring 
Ni 30, Fe 37, Co 25, Cr 8 


ca. 92 





‘Sylvania $4 
Ni 42, Fe 52, Cr 6 


Any wrought form 
(Driver-Harris #14, Carpenter “426”) 


92 
(25-350° C.) 





“Cold-rolled steel 
SAE 1010 


Wire, sheet, rihbon, etc. 


130 





Allegheny 4750 Wire, sheet, strip 


91 
(20-400° C.) 





Copper (electrolytic or OFHC) 
cups, etc. 


Sheet, ribbon, thin edge tubes, 


178 
(25-300° C.) 





Tungsten Ground, polished rod 


46 
(0-500° C.) 





Molybdenum Ground, polished rod 


ec 


55 
(25-500° C.) 





42 Alloy 
Ni 42, Fe 58 
(Carpenter “42”, Allegheny 42) 


Wire, rod, ribbon, etc. 


53 
(29-400° C.) 





Kovar (Fernico) 
Ni 28, Co 18, Fe 53 


eyelets, etc. 


Rod, wire, ribbon, cups, tubing, 


50 
(25-300° C.) 





*EMK 
Fe 71, Mo 10, Co 19, Si 0.8 wall ca. .040” 


Not made U. S. A. 


Rod to 0.5” diam., ring to 1.25”, 


90-95 





Wire 
Not made U. S. A. 


*Wonico 


W 80, Ni 13, Co 5 


ca. 55 





*Nickel iron 
(a) vacuum melted (Ni 48, Fe 50, 
Cr 1, Mn 1); 
(b) “Ommet” (Ni 48, Fe 52, C less 
than 0.01) 


to 1.25” diam. 


Wire to 0.200” diam., Ring and cup 





*Chrome nickel 
Cr 21, Ni 77, Fe 2 at edge 0.002” 


Not made U., S. A. 


Thin-edge ring and cap; thickness 


145 0.03 





*From Espe, W. and Knoll, M., Werkstoffkunde der Hochvakuumtechnik, Verlag von Julius Springer, Berlin, 1936. 


from 16 to 97x 107 as the precentage of nickel in- 
creases from 35 to 50 per cent, and since the percentage 
of copper may vary from a low value to a relatively 
high one, an infinite series of copper-clad wires is pos- 
sible, The following formula?! relates the radial thermal 
expansion of the finished wire to the composition of 
the assembly. 
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Pp x 28, _ 10—p 

S; 
B, 
B, 
Pp 
$; 
So 


x 2, =(-2+ >) 28, where 
8; 2 


= coefficient of expansion of the core metal. 
coefficient of expansion of the sheath. 

weight of sheath in per cent. 

= density of sheath, g/cm’. 

= density of core. 

8B =coefficient of radial expansion of Dumet wire. 


8, 
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Because of its structure rather unusual properties can 


be expected in Dumet. If it is assumed that no plastic 
flow takes place in the copper, then the thermal expan- 
sion coefficient should not be equal in the longitudinal 
(axial) and radial directions. According to Hull and 
Burger" the following equations express the expansions 
in the two directions: 

Axial expansion = k, + 0.209 (k,—k,) 

Radial expansion = k, + 0.191 (k,—k,), 
where k, and k, are the coefficients of core metal and 
copper respectively. From these equations the axial ex- 
pansion is calculated to be about 2 per cent higher than 
the radial. Experimentally, however, the axial expan- 
sion is found to be much lower than that calculated 
while the radial expansion is considerably higher than 
the calculated value. Actual coefficients, each the aver- 
age of four readings, are as follows: axial calculated— 
8.2x 10, axial measured—6.5 x 10; radial calculated 
—8.0x 10°, radial measured—9.2 x 10°. 

The above differences are readily explained on the 
basis of stresses which exceed the flow point of the copper, 
and such stresses exist during heating and cooling be- 
cause of the considerable difference in expansion between 
core metal and sheath. 

Because of the difference in expansion radially and 
axially Dumet is not a particularly good match for any 
glass, and Dumet-glass seals always show considerable 
strain in the polariscope. In fact, the high tensile stresses 
set up in the glass make it impossible to use Dumet of 
large diameter in the commercial production of seals. 
In lamp manufacture 0.032 in, diameter is the largest 
Dumet employed. Electron tubes rarely use a diameter 
over 0.020 in. 

The cost of Dumet is relatively high, and in order to 
reduce the cost of a lead it is customary to make it in 
the form of a three-piece lead, with a length of nickel 
or nickel-manganese alloy butt-welded to one end of a 
short length of Dumet and a length of copper wire butt- 
welded to the other end. The short length of Dumet 
forms the seal when embedded in glass. The nickel wire 
forms the internal connection to the elements of the 
lamp or tube, and the copper wire is soldered to the 
pin of the tube base. As a rule both butt welds are 
sealed into the glass for a short distance. 

The coating of Cu,O0 on the copper surface of Dumet 
gives the wires a characteristic reddish color. The borax 
coating serves to prevent the formation of poorly ad- 
herent CuO during the sealing operation and also as- 
sists the wetting of the oxide film by the glass. Pro- 
longed heating can cause solution of the entire Cu,0 
layer in the glass. 

4) Platinite. This alloy of essentially 46 per cent 
nickel and 54 per cent iron was one of the early sub- 
stitutes proposed for platinum, The expansion did not 
match any soft glass closely, and the alloy has been 
superseded by alloys of other types. 

5) 52 Alloy. All members of a series of nickel-iron 
alloys with nickel contents from 48 to 55 per cent match 
the expansions of soft glasses reasonably well. Driver- 
Harris 52 Alloy, containing 50 per cent nickel and 50 
per cent iron, which is manufactured commercially for 
thermostatic uses, has been used to some extent for 
sealing to glass. Nickel-iron alloys, however, suffer 
from a serious disadvantage. In all cases oxides of 
nickel and iron form on the surface when the alloy is 
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heated during the sealing operation. The presence of a 
large precentage of iron oxide in the surface layer gives 
a loose, scaly coating which, while wet readily by the 
glass, does not adhere well to the base metal. No method 
of pre-oxidizing has been found effective in preventing 
the formation of an iron-rich oxide layer during proe- 
essing. 

6) Chrome Iron. Chemical analyses of a large num- 
ber of chrome iron inserts used for seals in metal radio 
receiving tubes showed the following variations in con- 
stituents, 


per cent 
Chvomium o.3)s. ook Coe 24 to 28.5 
NONI sae ce oy wees ee 0.18 to 0.62 
CRONE Fo oa ec oa ck aks Rue 0.08 to 0.15 
INE 65 io os 5's cikcundeaeten 0.45 to 0.57 
FOE > s.csckiacdspvaskane ee 0.54 to 0.60 
SOO OS ban Saeed oak a eee Balance 


In general, the percentage of chromium is 27-28 per cent. 

Chrome iron has been used widely in Europe for 
sealing to lead and lime soft glasses. In this country 
the chief application has been in the form of inserts for 
the headers of metal radio tubes, although there is now 
a tendency to replace this alloy with cold-rolled steel. 
Chromium-iron alloys with approximately 28 per cent 
chromium are known variously as Ascoloy 446, Al- 
legheny 55, and Sealmet 1. 

The thermal expansion of chrome iron in the range 
20-300° C. is approximately 109x107 per degree C. 
The expansion curve is somewhat higher than those of 
the commonly used soft glasses. This is no disadvantage 
in the case of external seals—is in fact an advantage— 
but for internal seals thé stresses in the glass are higher 
than is considered desirable. For this reason special 
glasses, such as Corning 024 in Table 2, have been de- 
veloped for use in internal seals. 

If 28 per cent chrome iron is heated to 1150° C. in 
air the resulting coating, blackish in color, consists of 
a mixture of iron and chromium oxides; and it is dif- 
ficult to make a vacuum-tight seal to glass when this 
mixed oxide coating is present. It has been found, how- 
ever, that by heating the alloy in hydrogen carrying 
water (line hydrogen) or in a partly combusted gas 
(cracked gas with insufficient oxygen for complete com- 
bustion) at a temperature of 1120-1160° C. the chromium 
is selectively oxidized to form a tough, dense, tightly- 
adherent surface coating of chromic oxide, Cr,O,. The 
color of the coating on properly preoxidized metal is a 
moderately dark green. The color varies with the silicon 
content of the alloy, the darkest color being obtained 
with the least silicon, and the permissible variations in 
color are relatively wide. The time required for forma- 
tion of a suitable oxide coating on chrome iron strips 
0.020-0.030 in, thick is 6 to 7 minutes at 1160° C, in 
line hydrogen. 

The surface coating of chromic oxide is very readily 
wet by glass and is extremely effective in preventing the 
formation of iron oxides during the sealing operation. 
Its chief disadvantage is the fact that the electrical 
resistance is high, and the coating must be removed, 
usually by sandblasting, before spot welding can be 
done. Difficulties are encountered in attempting to cop- 
per-braze chrome iron to steel in a hydrogen atmosphere 
because the presence of even a small amount of moisture 
results in selective oxidation of the chromium. 
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7) Fernichrome. Hull and Burger" announced the 
discovery of an alloy of 37 per cent iron, 30 per cent 
nickel, 25 per cent cobalt, and 8 per cent chromium. 
The expansion curve of this material shows a change of 
slope which enables it to match the expansions of soft 
glasses reasonably well. Due to its high cobalt content, 
however, it is very expensive, and such a quaternary 
alloy would be extremely difficult to control in manu- 
facture. 

8) Sylvania No. 4. Several years ago engineers and 
metallurgists of the Sylvania Electric Products Cor- 
poration carried out an extensive program to develop 
an alloy for use with Corning’s 001 glass. Numerous 
two-, three-, and four-component alloys were investigated 
and that composition designated No. 4 was believed to 
meet more closely than others the conditions which had 
been set up in advance, 

No. 4 alloy is composed of nickel 42 per cent, chromi- 
uri 6 per cent, silicon 0.12 per cent, manganese 0.29 
per cent, carbon 0,04 per cent, and the balance iron. A 
small amount of a compound-forming element is added 
to improve adherence of oxide to the base metal. 

This alloy is a close match to 001 glass. No thermal 
critical points occur between—75 and 1000° C. The 
alloy contains enough chromium to form a protective 
layer of Cr,O, when pre-oxidized in an atmosphere of 
wet hydrogen. 

Although generally of much smaller size, successful 
seals have been made with metal rods as large as 0.250 
in. in diameter. 

By varying the principal constituents of the series of 
iron-nickel-chromium alloys of which No. 4 is a member 
coefficients of expansion ranging from 70 to 120 x 10% 
per degree Centigrade are obtainable. By a slight vari- 
ation of nickel and chromium in the No. 4 composition 
a good match with Corning 012 glass is possible. 

9) Driver Harris No. 14 and Carpenter Glass Sealing 
“426”. These alloys are very similar to Sylvania No. 4 
and can be used interchangeably. A typical composition 
is 50.73 per cent iron, 43.13 per cent nickel, 5.47 per cent 
chromium, 0.32 per cent silicon, 0.28 per cent man- 
ganese, and 0.07 per cent carbon. The thermal expan- 
sion is slightly higher than that of Sylvania No. 4, No. 
14 and “426” are available in any wrought form 
required. 

10) Cold-rolled Steel. Although sporadic attempts, 
with occasional successful results, were made for many 
years, it was generally assumed until recently that cold- 
rolled steel was not a likely material to be used for 
glass-metal seals. There were no stable glasses with ex- 
pansion characteristics suitable enough to permit the 
use of steel in an internal seal. Other types of seals were 
not vacuum-tight because an excessively thick layer of 
porous oxide with poor adherence to the base metal al- 
ways formed during the sealing operation. Attempts 
were made to borate steel or plate it with copper or 
nickel to prevent formation of the objectionable oxide, 
but these methods were uncertain and did not lend 
themselves to commercial manufacture of seals. The 
use of a controlled or reducing atmosphere for making 
the seal likewise was not feasible in large-scale produc- 
tion, A method of silver-plating the steel was developed"® 
and this was effective in preventing the formation of an 
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excessively thick oxide of iron although the layer of 
molten silver seemed to serve also as a flotation medium 
for removing a portion of the oxide from the metal. 

The most direct method, however, is one which makes 
no attempt to prevent the formation of the normal thick- 
ness of oxide but dissolves the excess oxide in the glass*”. 
This is done by employing an extremely hot flame which 
impinges on the outside surface of the metal ring of an 
external seal for a sufficient length of time (after the 
glass has been pressed into contact with the inside of the 
ring) to permit solution in and diffusion into the glass 
of a portion of the heavy oxide layer. 

The thickness of oxide if the supplementary heating 
is not used is about 0.0002 in. This is produced when 
the metal is heated to 750° C, and glass at 850° C. is 
pressed into the ring. If, after this operation, the out- 
side of the ring is raised to 915-1020° C. the oxide thick- 
ness decreases to 0.00003 in., while the transported 
oxide penetrates into the glass (as shown by discolora- 
tion) for a distance of 0.0003 in. 

SAE 1010 steel is suitable for the above type of ex- 
ternal seal. By use of the procedure just described it 
is possible to dispense with the chrome iron insert for- 
merly thought necessary in the button stem because it 
was an approximate match for the glass in expansion 
and to make the entire header of the stem in one piece 
(see Figures 5.13 and 11b). 

During the past few years Corning has produced two 
glasses, 1990 and 1991, which have expansions that 
match that of SAE 1010, and these glasses permit the 
production of internal seals. They have been used rather 
widely in the manufacture of small single- and multi- 
terminal headers for soldering or welding into metal 
envelopes such as transformer cases. 

11) Copper. In his classical paper** published 
1923, Housekeeper described the series of experiments 
with copper and glass which culminated in the devel- 
opment of the thin-edge tubular seal which is so often 
associated with his name. The advent of alloys with 
expansions close to those of commercial glasses has 
eliminated the need for flattened copper ribbons except 
in those rare cases where high thermal and electrical con- 
ductivities and low flow point are required in conjunc- 
tion with ribbon geometry. The disc seal is of more 
present interest although here again alloys which match 
the expansions of certain glasses have greatly simpli- 
fied the problem. The thin-edge tubular seal, however, 
finds extensive use and will probably continue to do 
so, particularly as anodes for water- and air-cooled 
transmitting and other vacuum tubes, because of the 
high thermal conductivity and extremely low electrical 
resistance of copper. 

For many years it was necessary to use electrolytic 
copper for drawing and machining anodes. Cuprous 
oxide is always present in ordinary cast electrolytic 
copper in varying amounts and distributed as spheroidal 
inclusions between the crystals. Because of the oxygen 
contained in these particles gases are formed when 
electrolytic copper is subjected to reducing conditions 
at high temperatures, and rupture of the crystal struc- 
ture, with consequent brittleness occurs. Thus, at tem- 
peratures higher than 400° C., hydrogen will diffuse 
into copper containing cuprous oxide and will reduce 
the oxide to copper and water vapor. Rupture along 

(Continued on page 464) 
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Glass Colered by Metals 





The fourth part of Dr. Weyl’s monograph on colored 
glass published in current issues of the Journal of the 
British Society of Glass Technology devotes one hundred 
pages to glasses colored by the selective absorption of 
metals in fine subdivision. 

A continuous series of color types is said to exist start- 
ing from colors caused by ionic constituents of the glass 
structure and ending with colors caused by the agglom- 
eration of atoms quite detatched from the glass structure. 

The continuous character of the series is demonstrated 
by the existence of transition types such as cadmium 
sulfide, cobalt iodide or selenium glasses. The latter. 
which have been discussed in Part III, are closely related 
to the gold, silver and copper glasses of Part IV. But at 
high temperatures even ionic constituents of glass may, 
in part, be reduced to the elemental stage and agglom- 
erate to metallic color centers consisting of several hun- 
dred atoms. Gold, silver and copper represent the ex- 
treme case of the noble elements. 

The discussion of the fundamental principles of the ex- 
istence of metallic phases in glass comprises the following 
subjects: (1) Solubility of metals in glass and precipita- 
tion of metals from vitreous solutions. (2) Absorption 
and scattering of light by metallic phases precipitated 
in glass. 

The discussion of the specific metal colors comprises: 
(1) Gold Ruby. (2) Silver Glasses, Silver Stain. (3) 
Copper Ruby, Copper Stain. 





























































































































Solubility of Metals in Glass 








Metals are truly soluble in glass; the resulting solution 
is colorless. Metallophilic groups like lead, tin or bis- 
mouth in the arrangement provided by the surrounding 
glass constituents increase the solubility, particularly at 
low temperatures. The greater low-temperature solubility 
affects the growth of the first nuclei of crystallization. 
The exact number and size of the metallic aggregates 
thus formed from the solution of metals in glass affects 
the color of this type of glass to a considerable extent. 

Dr. Weyl presents an extensive review of the theory 
of precipitation and applies the theory to the system 
metal-glass. 

The diffusion of metallic particles through glass is 
treated as a chemical reaction which is the separation of 
the diffusing particle from a neighbor in the glass struc- 
ture with which it was united temporarily. The activa- 
tion energy of this reaction is included in the diffusion 
constant which is therefore dependent on the chemical 
nature of particle and glass, and not merely on apparent 
dimensions. ‘ 

The laws of precipitation by Von Weimarn and the 
Von Smoluchowski equation of coagulation are applied 
































































































































*For Reviews of Parts 1.-11I. see Glass Industry, Part I, 6, p. 262 
(1944), Part II, 9, p. 405 (1944), Part III, 5, p. 235 (1945), Part IV, 8 
p. 375 (1945). 
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COLORED GLASSES 


A Review of Part IV of a Monograph* by W. A. Weyl 
Appearing in “The Journal of the Society of Glass Technology,” Sheffield, England 


PART V 


to the process of precipitation and subsequent growth 

of metals dissolved in glass. For the quantitative treat- 

ment the reader must be referred to the original. 

For the purpose of this review the complexity of the 
problem may be illustrated by the listing of some cun- 
trasting influences on the growth of gold particles pve- 
cipitated in glass: 

1. Low solubility does not permit the presence of 
enough gold to obtain the required color intensi’y. 

2. Low solubility favors supersaturation at given ccn- 
centrations and critical temperatures and, therefo-e, 
the desired formation of many small nuclei. 

3. High solubility induces the formation of few nuc ei 
and large agglomerates, 

4. On reheating, small particles appear to be more 
soluble, and the organization of properly sized ag- 
glomerates is enhanced by recrystallization. 

5. At high solubilities recrystallization may lead to over- 
sized agglomerates. 

6. At low solubilities, particles may grow by coagula- 

tion, instead of recrystallization, i.e., colliding par- 

ticles adhering to each other grow into large irregular 
aggregates of gold. 


~] 


Slow cooling enhances the formation of large crystals 
which withdraw gold from the glass and a ruby color 
cannot be formed. 


8. For certain solubilities slow cooling results in good 
ruby glasses without recurrence to fast cooling and 
subsequent reheating. 

The solubility of metals in glass is compared in a 
skillful manner with that of metals in fused salts. 

It is shown by the example of organic emulsifiers that 
the solubility of B in A can be increased by adding C 
which replaces weak bonds A-B by stronger bonds C-A 
and C-B, A similar role may be attributed to tin, lead. 
antimony and bismuth ions which increase the solubility 
of gold and copper in glass. 

Stannous oxide, by its tendency to form in glass both 
stannic oxide and tin, ties up the glass structure as well 
as the metal particle. Still stannous ions are stable 
enough in glass to be available for this purpose and to 
prevent the excessive growth of metal crystals to which 
they are selectively attracted. 

In this connection Weyl proposes a mechanism to ex- 
plain the rather mysterious action of tin oxide in the 
silver mirror formation. The glass surfaces treated with 
stannous chloride exchange Na+ ions with Sn™ ions, 
the residual valencies of which are extended toward 
silver atoms. The initial precipitation of silver is thus 
encouraged and further reduction takes place rapidly. 
At the same time, residual valencies are believed to 
bridge incompatible glass and metal structures. A full 
chapter is devoted to the interesting field of silver mir- 
rors. 
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Light Absorption and Scattering by 
Metals in Glass 


Metals differ fundamentally from glass coloring ions 
by their free electrons which are comparable to the 
atoms of a gas in their liberty of motion. In ions, elec- 
trons tied to positive nuclei oscillate in an alternating 
field and, at critical frequencies, single electrons jump 
to a larger orbit absorbing the energy of that frequency 
corresponding to a color effect. In metals the free elec- 
trons form convection currents, contribute little to ab- 
sorption—much to reflectivity. The thickness of the layer 
or the particle size affects the relation of reflection and 

sorption considerably. 

Gold particles from 5 to 100 millimicrons show an 

sorption at 530 mp which is rather independent of 
article size within this range and depends only on the 

iount of gold present. 

he possibility that gold may produce red colors was 

st established by Faraday who proved that green films 

hammered gold were not films of gold in its natural 
te but under mechanical stress, 

Gold particles above 200 mp do scatter light and 
.use the predominance of “colloidal” colors; but these 

lors are the brownish (“livery”) colors of “spoiled” 

ld ruby and not the red colors of “good” ruby. In 
hese brown colors the absorption of gold is superim- 

sed on the scattering effect. The mere scattering effect 
can only be observed in diluted solutions. Deviations 
from spherical shape in large particles further modify 
these complex colorations. 


Gold Ruby 


Gold ruby, the only red glass of our ancestors. is not 
only of considerable historical significance, but has re- 
tained the interest of the modern scientist. Invented by 
Kunckel (1630-1705) the gold ruby glass had to be 
rediscovered in the 19th century. At that time it was be- 
lieved to be closely related to the Purple of Cassius, a 
preparation in which metallic gold is precipitated by a 
’ mixture of stannous and stannic chloride. However, gold 
ruby glass can be obtained in the absence of tin. 

The theory that metallic gold causes the color of gold 
ruby (Schubarth 1844) was established by the classical 
work of Faraday (1857). The puzzling fact that glass 
contains metals in pure colorless solution was substan- 
tiated by many workers in the late nineteenth and early 
twentieth centuries. A faint purple color may be pro- 
duced by one of gold in one hundred thousand parts of 
lead glass; deep gold ruby glasses contain about one 
part of gold in a thousand parts of glass. Gold is not 
very soluble in soda lime silica glasses, and the red ruby 
color is obtainable only in the presence of tin oxide. In 
tin free glasses the solubility increases with the lead 
content. 

Gold is usually introduced in the form of gold chlo- 
ride; 1/3 to 34 parts of gold per 1000 parts of glass was 
found to be contained in analyzed samples of commercial 
gold ruby glasses. Gold ruby glass must be melted at 
high temperatures for long melting periods, cooled fast 
and then reheated to develop the proper color by “strik- 
ing.” : 

Rapid cooling produces high supersaturation and the 
precipitation of a large number of small nuclei. If the 
molding operation does not permit rapid cooling, the 
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presence of tin oxide in the glass is necessary to prevent 
too rapid precipitation. In “bad” ruby glasses only a 
small number of nuclei is formed and the color remains 
a faint pink in the best case; on reheating the few nuclei 
grow into larger crystals which impart opacity to the 
“bad” ruby glass. 

For certain gold contents, glasses containing certain 
amounts of lead and tin, may permit the formation of a 
sufficient number of nuclei during cooling and the re- 
heating process is unnecessary. In these glasses some 
gold remains dissolved and unutilized. 

Dr. Weyl accounts for the variation of crystals ob- 
tained by various reheating procedures and describes 
eight types and transitions of these types into each other. 

Gold ruby has been used mostly in cased ware, where 
a thin layer of an intensely colored ruby glass covers a 
bulk consisting of ordinary colorless glass. 


Silver 


The coloration of glass by silver is caused by the ag- 
gregation of elemental silver, in contrast to colors im- 
parted by the usual ionic colorants, and is analogous to 
formation of gold and copper ruby glasses. The yellow 
color imparted by silver is dependent upon the size of 
aggregation; if the particle size approaches the atomic 
dimensions, the glass is colorless. In the colloidal range, 
particularly in a base glass of high refractivity, nearly 
all colors can be observed. If the aggregation leads to 
large clusters, dirty greens are frequent, however, again 
a series of various colors of metallic appearance occurs. 
Under certain conditions the coloring silver combines 


to highly reflecting surface mirrors. The most frequent 
yellow color of silver glass is distinguished from the 
otherwise similar amber colors by the UV transmission. 
The absorption maximum is above 400 mp. In a low 
state of aggregation elemental silver exhibits fluorescence 
in glass. 


The coloration of glass by silver can be accomplished 
in two ways: (1) Incorporation of silver and its com- 
pounds in the batch. (2) Introduction of silver into the 
rigid colorless glass by surface treatment. The glasses 
made according to the first procedure may be termed 
silver glass proper. The second procedure is generally 
referred to as silver stain. The section on silver in Dr. 
Weyl’s color monograph is divided in two chapters fol- 
lowing this classification. 


Silver Glasses Proper 


The production of glasses by the incorporation of 
silver in the batch is rarely undertaken. It has been 
claimed that the method has never been practiced at 
all. The reluctance of the glassmaker toward preparation 
of silver glasses has been due to the sensitivity of the 
glass to thermal fluctuations and other conditions re- 
sulting in the formation of cloudy aggregates, and to the 
lack of characteristic color in the glass. 

Silver is incorporated into glass in the form of the 
silver ion. The source of the silver ions may be oxidized 
metallic silver or a silver compound. In the glass the 
silver ions are reduced to atoms by the presence of some 
red»cing agent, such as ferrous oxide. In the absence of 
a reducing agent, the required electron may be supplied 
by oxygen from the glass structure, this oxygen being 

(Continued on page 477) 
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INVENTIONS AND INVENTORS 


A Summary of Recently Issued Patents of Interest to the Glass Industry 


Feeding and Forming 


Patent No. 2,405,557 is an invention by E, R. Bonne- 
foy-Cudraz of Courbevoie, France. It shows a machine 
or making lamp bulbs or other thin blown articles. 
The title is vested in the Alien Property Custodian and 
anyone who wishes may obtain a license on the usual 
terms. 


It is stated in the patent that in the manufacture of 
lamp bulbs from gobs produced by the usual gob feed- 
ers, imperfect ware is produced due to the shear mark 
which is found at each end of the severed gob. The in- 
vention overcomes this trouble by delivering the gob to 
the forming apparatus with its long axis horizontal in- 
stead of vertical. The arrangement is such that the bulb 
or other ware is made from the central part of the gob 
and both shear marks are in the moil which goes to cullet. 


In Fig. 1, a gob V delivered from a commercial glass 
feeder is received in a chute g which turns the gob into 
a horizontal position before it is delivered to a cup 110 
through an opening 210. Inside the cup and above the 
gob is a vertically movable head 68 and a short distance 
below the bottom of the cup is a work table. 
the orifice is a so-called “obturator head” 58, 

Fig. 2 shows the head 68 after it has been lowered to 
press the gob. It will be seen that the severed ends of 
the gob are pressed outwardly beneath the bottom edge 
of the cup as shown in Fig. 3. The head 68 being raised 
and the obturator head 58 lowered as shown in Fig. 4, 
leaves the center of the gob free to sag through the open- 
ing in the table 51 into the form V® shown in Fig. 6. A 
blow head 41 is then lowered and a blank as shown at 
V‘ is formed. A mold 25 then closes about the blank 
and the bulb V* is formed. The table 51 is then tilted 
and a revolving knife severs the moil above the table by 
some means not described. ° 


Closing 


The machine is shown as being of the turret type with 
eight heads. The operating mechanism provided makes 
the machine fully automatic. 


Glass Wool and Fiber 


Patent No. 2,405,036 relates to a method and appa- 
ratus for making glass fibers and small beads. The pat- 
ent was assigned to The Linde Air Products Company 


by James A. Hoffman. 


Figs. 1-8. Machine for Making Lamp Bulbs. 


452 


Wt: 
LY Q4//// 
Uy, 





SQV 


Fig. 9. Method of Making Glass Fibers. 


This invention purports to be able to make fibers hav- 
ing a diameter of 0.00012 inch whereas by previous 
methods diameters smaller than 0.00024 could not be 
produced. The value of this small fiber is made plain 
in a patent to Slayter et al, No. 2,234,986, where it is 
stated that the flexibility of yarn or fabric increases in- 
versely as the cube of the diameter of the fiber. There- 
fore, the fiber produced: by this invention should make 
a yarn or fabric having more than twice the flexibility 
of that heretofore manufactured. 

The general construction of a machine for carrying 
out this method is shown in Fig. 9 in which a glass rod 
R is advanced by rollers P'. There may be several of 
these rods closely spaced to form sort of a ribbon. These 
rods have a diameter of from 0.001 to 0.005 inch. A 
nozzle O is formed between a block 24 and a cap 25 
through which fuel, such as oxygen and ordinary fuel 
gas, is discharged from a supply pipe 27. The flame 
extends across the series of rods R and is directed to- 
ward them at an angle of about 15 degrees. Below the 
rods there is a nozzle Q which discharges air against the 
rods, also at an angle of about 15 degrees. As shown 
by the arrows, the air strikes the rods shortly beyond 
the flame from the upper nozzle O. The relation be- 
tween the speed of the rolls P' and the temperature of 
the flame and the air pressure from the nozzle Q is such 
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that an extremely fine fiber is formed. 





The above operation has been per- 
formed with a feeding speed on the 
glass rod of about 40 feet per minute 
and an air pressure at the nozzle O 
of from 75 to 90 pounds per square 
inch. When the rod speed is reduced 
to between 5 and 20 feet per minute, 
a great number of spherical heads 
will be formed. The heat and air pres- 
sure may be varied to assist in the 
production of beads. 


Miscellaneous Processes Figs. 10-11. 


Patent No. 2,405,504 is a machine 
for assembling parts of vacuum tubes 
and it was assigned by the inventors, Juvinall and Stuhl- 
fauth, to Western Electric Company. The object of the 
patent is to provide an improved apparatus for assembling 
and attaching glass beads and skirts to lead-in wires of 
vacuum tubes, 

[he machine is of the turret type, having eight heads 
which are intermittently advanced from a loading sta- 
tion to a positioning station and then to fusing stations 
where the bead is first fused onto the wire and then the 
skirt is fused onto the bead. 

Fig. 10 is a section through a station where the bead 


Western Electric Machine for 
Working on Vacuum Tubes. 
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16 has been positioned and fused onto the wire 15 and 
the skirt 17 is about to be fused to the bead. The wire 
15 is held in a chuck 51 and 54 in a position determined 
by a plunger 60. A second chuck 65 holds the skirt 17. 
The position of the bead is fixed by a cam plate 81. 
Cams 84 and 85 are arranged so that after the head 
leaves the position shown in the figure, the wire 15 
with its attached bead 16 is retracted to bring the bead 
inside of the skirt. At the next station, suitable burners 


fuse the bead and skirt together and the finished pred- 
uct is then ejected in the form shown in Fig. 11. 





WESTINGHOUSE DEVELOPS 
MIDGET ULTRAVIOLET LAMP 


A midget ultraviolet Sterilamp which will improve the 


food-keeping qualities of home refrigerators has been 
announced by the Westinghouse Lamp Division. 

The new lamp, mounted inside the cabinet, simul- 
taneously emits bacteria-killing rays and produces ozone 
in the air. In high humidity cabinets where spoilage 
and mold growth would otherwise soon occur under the 
higher temperature and humidity conditions maintained 
to preserve natural flavor and condition of foods, the 
new Westinghouse development can become an_indis- 
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pensable unit. In lower humidity cabinets, the main 
problem has been accumulation of food odors. The ozone 
produced by the Sterilamp diffuses rapidly throughout 
the entire cabinet purifying the food vapors by breaking 
down the vapor molecules. 

The three and one-half watt miniature Sterilamp oper- 
ates only when the refrigerator compressor runs and on 
this basis, at least a year’s life for the lamp is assured. 
The transformer required also consumes but three and 
one-half watts. The cost of the transformer and the lamp 
is about half that of the former refrigerator Sterilamp. 


A.C.S. GLASS DIVISION 
MEETING 


The dates of September 13 and 14 have been set for the 
1946 Autumn Meeting of the Glass Division of the 
American Ceramic Society. The meeting will be held in 
Columbus, Ohio. 

A tentative program, announced by R. F. Brenner, 
Program Chairman, includes a business session, inspec- 
tion of Battelle Memorial Institute and DuPont Color 
Laboratory and Division luncheon for the morning of 
September 13. On that afternoon, symposium A on 
Glass-Metal Seals will be held in the Chemistry Building 
of Ohio State University and symposium B on Glass 
Density will be held in the Social-Administration Build- 
ing of the University. At night, reports will be made 
on the European glass situation by H. H. Blau and C, J. 
Uhrmann. 

Dr. W. E. S. Turner, who is on a visit to the United 
States, will address the Division on Saturday morning. 
This session will be held at the Social-Administration 
Building of the University. Following luncheon on Satur- 
day, the golf players will compete for the O. Hommel 
trophy on the Scarlet Course, Ohio State University. 
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® Research Digest 


Industrial Use of Radiation Pyrometers 
Under Non-Blackhody Conditions 

In the November, 1945 issue of the Journal of the 
Optical Society of America, T. R. Harrison discusses 
the principles of non-blackbody radiation and of the 
application of emittance corrections for various indus- 


trial conditions. Besides the commonly treated case 
of radiation from a non-blackbody in the open, others 
discussed are radiation from a heated object surrounded 
by walls at a higher or lower temperature, radiation 
from an object viewed through flame, smoke and furnace 
gases, and radiation from glass. 

In the discussion on radiation from glass, it was stated 
that glass reflects, absorbs and transmits light and other 
radiant energy; its spectral absorptance at any given 
wave-length equals its spectral emittance at that wave- 
length. A thin layer of glass lying at a depth beneath 
the surface will both absorb and emit radiant energy of 
a given wave-length in direct relation to the spectral 
absorption efficient kA of the substance. In its transit 
toward the surface, the radiant energy emitted from 
such a thin layer is reduced by absorption by the inter- 
vening mass. The fraction of the original energy reach- 
ing the surface is given by the expression e* where x = 
kA t. Thus, from a layer relatively close to the surface, 
practically all of the radiant energy arising within 
the layer and directed toward the surface will reach 
the surface; from a layer at a depth t = 0.7/kA, for 
which x = 1, about 37 per cent reaches the surface, and 
from a depth giving x = 4.61 only about one per cent 
reaches the surface. Thus, the term e* determines the 
relative extents to which the layers at various depths con- 
tribute to the entire spectral radiation from the mass 
and the numerical value of 1/kA fixes the actual depths 
within the glass for which the specified fractions apply. 

If it is desired to have a pyrometer to respond as 
largely as possible to the temperature of layers deep 
within the mass, it follows that the pyrometer response 
should be limited, as far as practicable, to those wave- 
lengths for which kA is relatively smal] so that corres- 
pondingly large values of t are required to give any 
chosen value of x. 

A Pyrex lens about 5mm thick transmits radiant 
energy in the wave-length band between about 0.3 
microns and 2.6 microns though it transmits relatively 
little radiant energy at longer wave-lengths. A fused 
silica lens of similar thickness transmits equally well 
throughout the band transmitted by the Pyrex lens and, 
in addition, it transmits fairly freely in the wave-length 
band from 2.6 microns to around 3.8 microns. Most 
glasses are rather good emitters within the latter band 
of wave-lengths, though many are poor emitters at wave- 
lengths below 2.6 microns unless the emitting mass is 
appropriately thick. 

Thus, where it is desirable to measure temperatures 
at a considerable depth within a large mass of glass, 
the use of a radiation pyrometer having a Pyrex lens 
has the advantage that its transmission is limited to 
those wave-lengths for which usually kA has a small 
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value so that a large fraction of the radiant energy re- 
ceived by the pyrometer arises from appreciable depths 
within the glass. 

In many industrial applications, the mass of glass 
whose temperature is to be measured is not thick enough 
to make it completely opaque to radiation of all wave- 
lengths. In order to obtain pyrometer readings as 
representative as possible of the true temperature of 
glass under such conditions, it is preferable to use a 
pyrometer responsive to the wave-lengths for which the 
absorption coefficient kA of the specimen is relatively 
high so that the pyrometer responds largely to radiant 
energy emitted by layers of glass relatively close to the 
surface sighted upon. Thus, for such cases, the use of 
a radiation pyrometer equipped with a fused silica 
lens is preferable to one having a Pyrex lens, Another 
advantage of the fused silica lens is that at the relative'y 
low temperature usually involved in glass temperature 
measurement, a very considerable fraction of total black- 
body radiant energy has wave-lengths between 2.6 and 
3.8 microns. A good portion of this energy, being 
passed by the fused silica lens, causes appreciably 
higher e.m.f. to be developed by the pyrometer. 

When the thickness of the specimen is ample for com- 
plete opaqueness of all of the wave-lengths affecting 
the pyrometer, spectral emissivity and total emissivily 
equal unity minus the reflectance of the material. For 
most glasses, reflectance equals about 0.04 for such 
wave-lengths, so that eA = 0.96 and e, = 0.96 for masses 
of most kinds of glass when of ample thickness. 

For thinner masses of glass contained in a crucible, 
a portion of the energy at those wave-lengths for which 
kA is relatively small will emanate from the walls beyond 
the glass. For such a case, a composite reading of 
glass and crucible temperatures is obtained. 

When sighting upon glass in the open, such as in a 
container plant, a radiation pyrometer equipped with 
a fused silica lens should be employed in preference 
to one having a Pyrex lens. The instrument should be 
calibrated under actual plant-operating conditions, As 
an example, in the measurement of temperature in a 
glass feeder, a thermocouple is immersed in the glass 
at a point upon which the radiation pyrometer is sighted, 
or at a nearby point, and the readings obtained from the 
thermocouple are used as a basis for calibrating the 
radiation pyrometer. 

Harrison also gives tables and curves for obtaining 
emittance corrections applicable for a radiation pyrom- 
eter equipped with either Pyrex or fused silica lens. 
The use of an optical pyrometer as a “checking instru- 
ment” is also discussed and a table and curves are 
given for emittance correction where A = 0.654. Com- 
parisons are drawn between the readings of the op- 
tical pyrometer and radiation pyrometers having the 
two types of lens, for the condition, eA=e, ey — 
spectral emittance and e; = total emittance). For cer- 
tain cases, data and precedures are given by means of 
which emittance corrections are obtainable. For other 
cases, only the underlying principles are discussed. 
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PRODUCTION-PAYROLLS 
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Aaivity in the glass industry during the month of 
June showed only a slight decline from the figures re- 
ported for the month of May. According to the Pro- 
duction Index, June production was estimated to be 
$48,800,000. For the month of May, the Index showed 
an esimated production of $49,000,000, Production dur- 
ing June 1945 was $48,000,000, which is about 1 per 
cent under June this year. The total estimated produc- 
tion for the 6-month period ending June 1946 is $283,- 
800,000. During the corresponding period last year, 
production had reached a total of $286,000,000. 


Employment and payrolls: Figures on employment 
and payrolls for June also varied only slightly from 
those indicated by the Production Index for May. Em- 
ployment during June was about 101,300 persons. For 
May, the number of persons employed was 101,500. 
However, the June figure is about 14 per cent above the 
88,400 reported during June 1945. 

Payrolls for June dropped from the estimated $13,- 
300,000 reported for May to about $13,200,000, June 
1945 payrolls were estimated at the same figure as that 
reported for June 1946—$13,200,000. Thus far this 
year, glass manufacturers have paid out about $67,200,- 
000 in salaries. During the corresponding period in 
1945, manufacturers paid out an estimated $83,200,000. 


Glass container production during July 1946, based 
on figures released by the Bureau of Census, rose about 
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6 per cent to 9,604,432 gross. Production during June 
was reported to be 8,991,276 gross. During July 1945, 
production was 8,643,174 gross, which is about 11 per 
cent under production for July this year. Total glass 
container production during the January-July period of 
1946 is 65,789,505 gross as compared with 59,503,784 
gross produced during the corresponding months in 1945. 
Shipments also showed an increase for the month 
of July. They rose from 8,874,333 gross shipped dur- 
ing June to 9,232,410 gross. This figure indicates an 
approximate 4 per cent increase over June. Shipments 
during July 1945 totalled 8,680,153 gross, which is 
about 2 per cent under July this year. Total shipments 
made during the first seven months of 1946 are 65,820,- 
783 gross, as compared with 61,130,720 gross shipped 

during the same period in 1945, 
Stocks on hand at the end of July were 4,089,662 
(Continued on page 458) 





GLASS CONTAINER PRODUCTION 
AND INVENTORY 
(All figures in gross) 


Production Stocks 

July 1946 July 1946 
Foods; Medicinal & 
Health Supplies; Chem- 
icals, Household, Indus- 
trials, Toiletries & 
Cosmetics 


Narrow 


Neck .... 3,312,823 1,855,390 
Wide 

Mouth . 3,176,899 
pee a a 292,414 


648,160 


1,071,792 
121,283 
324,279 


Dairy Products .......... 
Beverages, Returnable cities 
Beverages, Non-returnable ......... 
Beer, Returnable 

Beer, Non-returnable .............. 
Liquors 


318,416 

60,536 
839,958 
390,124 


565,102 385,513 





9,604,432 4,089,662 





GLASS CONTAINER SHIPMENTS 
(All figures in gross) 


Narrow Neck Containers 

July, 1946 
961,561 

1,019,524 
559,770 
595,237 


Medicinal & Health Supplies ................... 
Chemical, Household, Industrials ... . 

Beverages, Returnable 

Beverages, Non-returnable et opm 
Beer, Returnable 314,598 
Beer, Non-cousrmable .................... 59,267 
Liquors 777,823 
Wines 367,896 
Toiletries & Cosmetics ... 541,632 


Sub-Total (Narrow) ..... 5,197,308 


Wide Mouth Containers 

Foods ; + “@8as.%35 
Dairy Products ee 283,570 
Medicinal & Health Supplies ....... 254,622 
Chemical, Household, Industrials 116,264 
Toiletries & Cosmetics 159,518 
Home Canning, Packers’ Tumblers .............. 436,583 


3,803,290 
9,000,598 
231,812 


Sub-Total (Wide) 
Total Domestic 
Export Shipments 


Total Shipments 9,232,410 
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PEMCO ADDS TO RESEARCH 
AND DEVELOPMENT STAFF 


Announcement has been made by the Pemco Corpora- 
tion of the appointment of Major Henry H. Thomas to 
its Research and Development staff. 

Immediately after his graduation in 1941 from North 
Carolina State University with a B.S. in Ceramic En- 
gineering, Major Thomas joined the U. S. Army Or- 
dnance Corps. He served overseas for 23 months and 
visited many of the foreign pottery manufacturers 
throughout Italy, England and Sweden gaining much 
valuable information to aid him in his work with Pemco. 


WYANDOTTE NAMES MANAGER 
PACIFIC DIVISION 


The appointment of Charles O. Chestnut as General Man- 

ager of the newly organized Pacific Division of Wyan- 

dotte Chemicals Corporation was recently announced by 
the company. The new 
Pacific Division will di- 
rect manufacturing and 
distributing activities in 
the Pacific States of the 
products of both the J. B. 
Ford and Michigan Al- 
kali Divisions of Wyan- 
dotte and of Natural Soda 
Products Company. The 
Division will also handle 
the new Wyandotte or- 
ganic specialties and fine 
chemicals. 

In addition to his appointment as General Manager 
of the new Division, Mr. Chestnut was also elected Presi- 
dent of the Natural Soda Products Company to replace 
Stanley Pedder, retired. Prior to joining Wyandotte, Mr. 
Chestnut was Vice President and General Manager of 
McCord Corporation. 


0-I MAKES KEY APPOINTMENTS 
Owen-Illinois Glass Company has recently announced 
the appointment of Kenneth C. White as Sales Promotion 
Manager of the Glass Container Division. Mr. White, 
formerly General Sales Manager of the Libbey Glass 
Division, succeeds Howard A. Trumbull who has resigned 
to enter business for himself. 

Mr. White joined Owens-Illinois in 1935 and was 
made Manager of the San Francisco branch in 1941. 
He directed an 0-I development of processing fruits in 
glass on a continuous operating basis on the Pacific 
Coast. He was transferred to Toledo in 1944 as General 
Sales Manager of Libbey. 

The appointment of William M. Beckler as Manager 
of Table Glassware sales of the Libbey Division was 
also announced by the company. Mr. Beckler joined 
the Libbey Division twenty years ago, later becoming 
Manager of Libbey’s Chicago branch. He was trans- 
ferred to Toledo in 1940 and became Sales Manager 
of Libbey’s Institutional Division. He was then made 
Assistant General Sales Manager of Libbey. 


© The Pennsylvania Salt Manufacturing Company has 
announced the purchase of the Kentucky Babb Fluorspar 
mine near Salem, Kentucky. 
completed underground explorations of the Kentucky 
Babb mine, but is now producing from it. 


The company recently 


A. E. BADGER JOINS L-O0-F 
RESEARCH STAFF 


The appointment of Dr. Alfred E, Badger to the research 
staff of Libbey-Owens-Ford Glass Company has been 
recently announced. Dr. Badger will work with Dr. 
R. K. Day in the detailed 

supervision of laboratory 

and field research. 

Graduating with a Bach- 
elor of Science degree 
from Case School of Ap- 
plied Science, Dr. Badger 
received a Master of Sci- 
ence degree in chemistry 
and a Doctor of Philoso- 
phy degree in engineering 
from the University of 
Illinois. He also studied 
at the Kaiser-Wilhelm In- 
stitut fur Silikatforschung 
in Germany. 

Dr. Badger has been associated with the General 
Electric Company and, until his present appointment, 
has been associated with the University of Illinois where 
he has been Research Associate Professor of Ceramic 
Engineering and consultant to many glass manufacturing 
firms. 

Dr. Badger has published more than 60 papers on the 
theory and practice of glass technology and in silicate 
chemistry. His publications have dealt with fundamen- 
tal properties of glass, formation of minerals, X-ray 
studies, test methods and a broad field of effect of 
chemical composition on physical properties. 


BOOKLET ON MELLON INSTITUTE 
WAR ACTIVITIES 


Mellon Institute has recently published a booklet con- 
taining subjects used in a series of radio talks describ- 
ing the essential research programs headed by the 
speakers and giving summaries of the results, 

The subjects contained in the booklet and the speakers 
are “Research in the Conquest of Malaria” by R. Stuart 
Tipson, Mellon Institute; “Research Improves Resistors 
for Radio and Radar” by Edward E. Marbaker, The O. 
Hommel Company; “The Triumph of Synthetic Rubber” 
by Charles F. Winans, Koppers Company, Inc.; “Main- 
taining Workers’ Health in the Industries” by John F. 
McMahon, Mellon Institute; “Science Solves Pressing 
Textile Problems” by Jules Labarthe, Jr., Mellon In- 
stitute; and “Good Strokes in Life Preserver Research” 
by E. Gray King, Mellon Institute. 

These subjects were selected mainly because of their 
public interest to illustrate a few of the Institute’s ac- 
tivities and contributions during World War II. 


® The Little Giant Glass factory in ten months’ operation 
has completed the manufacture of 100,000 minnow 
traps and has started installation of new equipment for 
other manufacturing. The company has signed a con- 
tract for large scale production of six-gallon bottles to 
be used by distilleries in advertising their products. 
Soft drink bottlers also are purchasing this type glass 
container. About 2,000 lamp chimneys per day have 
been manufactured in recent weeks. 
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NEW EQUIPMENT AND 


HOMMEL DEVELOPS 
PORCELANITE 


The O. Hommel Company, Pitts- 
burgh, Pa., has announced the develop- 
ment of a new semi-glazed, porcelain- 
like finish porcelanite for protecting cold 
rolled and cast iron burning racks, 
burning tools, iron and glass furnace 
interiors, saggers, lehrs, decorating 
kilns and ladle-linings. 

This semi-glaze finish prevents burn- 
ing racks and tools of cast iron and 
steel from scaling. Stainless steel tools 
are cleaned easier after being coated 
with porcelanite and the life of paint is 
extended. 

Porcelanite forms a semi-glaze finish 
over brick and clay in furnaces, seal- 
ing all crevices. The corrosive action 
of gases, flue dust and slag is mate- 
rially reduced and the furnace retains 
its heat in a satisfactory manner. The 
finish prevents discoloration of molten- 
glass, chinaware and porcelain enamels 
by the iron oxide present. It can be 
sprayed or applied with a brush. It air 
sets and the oven can be fired imme- 
diately. 


IMPROVED SPEED LATHE 


Schauer Machine Company, 2116 
Reading Road, Cincinnati, Ohio, is man- 
ufacturing a variable-speed lathe which, 
it is stated, provides a new and ad- 
vanced method for cleaning, lapping 


and polishing dies, molds, plungers, etc. 

For precision lapping and polishing, 
the piece to be polished is automatical- 
ly centered. Speed of the operation is 
at the option of the operator. Variable 
speeds from a minimum of 25 RPM to a 
maximum of 275 RPM, or of 400 RPM 
to 4800 RPM, are available. Variations 
of spindle speeds are accomplished by 
movement of a ‘variable pitch pulley, 
controlled by a conveniently located 
balerank. 

The motor is coupled to the work 
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spindle through a twin-dise clutch as- 
sembly and variable speed drive. Other 
features are a continuously operating 
motor, single foot-pedal centrol of 
clutch and brake and disc-type brake 
for extremely fast stopping of the 
spindle. 


NEW TYPE “STRAIGHT LINE” 
TEMPERATURE 
CONTROL UNIT 


Claud S. Gordon Company, 3000 S. 
Wallace Street, Chicago 16, Illinois, 
has announced a new Xactline tem- 
perature control providing variation as 
low as 1/5 of a degree F. and power 


“on-off” cycles as short as three sec- 
onds, 

Xactline accomplishes this without 
the use of cams, motors, bearings, 
shafts, gears or other rotating mechan- 
ical parts. It is inexpensive and can be 
used on all types of electric furnaces, 
ovens, injection molding machines, etc., 
employing conventional millivoltmeter 
and potentiometer type controlling 
pyrometers or gas-fired equipment em- 
ploying solenoid-controlled or motor 
operated valves. It is housed in a cast 
aluminum case 814” high x 614” wide 
and 3” deep and is designed for sur- 
face mounting installation. 


LIGHT BELT GRINDER 
ATTACHMENT 


The Porter-Cable Machine Company, 
Syracuse, New York, has added a light, 
narrow belt grinder attachment to its 
line of abrasive belt grinders. 

Suitable for light burring and grind- 
ing operations, Type N-2 is said to 
combine the versatility of platen grind- 
ing with the economy and speed of 
contact grinding, and is especially use- 
ful for light grinding of flats, arcs, 
angles, gear burring, weld grinding, 
cleaning-up operations, etc. 

The attachment is furnished without 
motor and is quickly aligned and at- 
tached to the familiar bench type wheel 
grinder to which a resilient contact roll 
has been fitted. The complete unit as- 
sembly stands 27” high with a width 
of 2%”. A 6” x 7” T-shape base is 
drilled with 3 holes for convenient 
mounting to bench or work table. 
Platen size for flat grinding is 2” x 4”. 
Resilient contact rolls 2” x 6” or 1” x 
6” can be furnished. Using an endless 
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abrasive belt 2” x 48”, the attachment 
can be used either in the vertical, hori- 


zontal or any angle between the 90 
degrees. . 


CATALOGUES RECEIVED 
Union Pacific Railroad, Omaha, Ne- 


braska, has issued a booklet giving a 
brief history of the railroad’s progress 
through the years. 

The hardships endured during the 
days of the first railroads, the trouble 
the first construction crews had with 
the Indians, and the improvements 
made down through the years are all 
described in this booklet. Photographs 
show the first railroad ties and those 
of the present day, together with pic- 
tures of the first car models and the 
streamline trains in use today. A map 
of the United States indicates the route 
of the Union Pacific line. 


The Chas. Taylor Sons Company, Dept. 
D, Cincinnati, Ohio, has issued a bul- 
letin, No. 201, relative to Taylor zircon 
refractories for high temperature serv- 
ice and applications. 

The bulletin is the first complete out- 
line written on zircon refractories and 
their application to various industries. 
It is well illustrated throughout and 
gives tables and descriptions of zircon 
refractories, crucibles, fire clay brick 
hearths, zircon hearths and zircon air- 
setting cement. 


Frazier-Simplex, Inc., Washington, Pa., 
has receftly published a 20-page book- 
let describing Simplex lehrs. The book- 
let is well illustrated with photographs 
and two-color heat diagrams showing 
the method of heat application in the 
lehrs. 

The various lehrs described and illus- 
trated in the booklet are semi-muffle, 
full-muffle and electric annealing lehrs, 
decorating lehrs, decorating equipment, 
drying ovens, decorating machines and 
normalizing ovens. 


Wheelco Instruments Company, 847 W. 
Harrison Street, Chicago 7, Illinois, has 
announced Bulletin D602-A which de- 
scribes the company’s complete line of 
portable pyrometers. 

The bulletin illustrates the Model 
2863 portable pyrometer kit and gives 
full information pertaining to the new 
extension type lance pyrometer. Speci- 
fications for the proper selection of ex- 
tension holders, adapters and thermo- 
couple tips are also listed in chart 
form. 


Meehanite Metal Corporation, 800 
Pershing Square Building, New Roch- 
elle, New York, has just published a 
four-page bulletin, No. 23, entitled 
“Meehanite—The Metal for Permanent 
Molds”. 

The bulletin describes and illustrates 
Meehanite permanent molds used in the 
production of glass, metals, plastics and 
rubber. 
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CURRENT STATISTICS... 
(Continued from page 455) 


gross. At the end of June, 3,728,888 gross were on 
hand and, at the end of July 1945, stocks on hand were 
3,943,156 gross. 


Plate glass production for July 1946 rose about 12 
per cent over June 1946, according to the Hughes Statis- 
tical Bureau. Production for July was 18,408,556 sq. ft. 
and for June it was 16,315,599 sq. ft. Plate glass pro- 
duction for July 1945 was considerably under July this 
year. The figure reported was 8,480,795 sq. ft. Total 
plate glass production for the first seven months of 1946 
totals 109,598,633 sq. ft. in comparison with 56,961,922 
sq. ft. produced during the same period in 1945. 


Automatic tumbler production for the month of 
July rose close to 62 per cent from June. Production 
was 11,966,205 dozens as compared with 7,388,960 
dozens in June. Automatic tumbler production during 
July 1945 was reported to be 5,338,304 dozens. Ship- 
ments, however, fell off approximately 5 per cent for 
the month and were 5,984,036 dozens. For June, ship- 
ments were 6,347,476 dozens, and for July 1945, they 
were 5,630,495 dozens. Stocks on hand at the end of 
July 1945 were 10,609,145 dozens. At the end of June, 
inventories were 4,919,876 dozens. 


Table, kitchen and household glassware: Manufac- 
turers’ sales of machine-made table, kitchen and house- 
hold glassware for the month of July 1946 dropped about 
7 per cent to 3,553,057 dozens. During June, sales were 
reported to be 3,846,905 dozens. July 1945 sales were 
2,475,500 dozens. Total sales during the 12-month pe- 
riod ending July 1946 were 43,865,835 dozens. 


STAFF CHANGES AT 
BALL BROTHERS 


Ball Brothers Company has announced the appointment 
of three new assistant sales managers. They are Earl 
A. Sheffield H. S. Miller and Marvin Babcock, Sr, These 
men will serve in this capacity for the Fruit Jar and 
Domestic Products Division of the company. 

Mr. Babcock has been associated with Ball Brothers 
for the past 33 years and will continue to devote his 
time to assisting the Sales Manager in the company’s 
general offices in Muncie. 

Mr. Miller and Mr. Sheffield will work in the field. 
They have been connected with the company for 25 and 
24 years, respectively, 


OPTICAL SOCIETY 
ANNOUNCES ANNUAL MEETING 


The Optical Society of America will hold its thirty-first 
Annual Meeting at the Hotel Pennsylvania, New York 
City, on October 3, 4 and 5. It is indicated that there 
will be a large number of contributed papers on a va- 
riety of subjects, including spectroscopy, spectrographic 
analysis, vision, color and color reproduction, the use 
of photo-tubes in photometry, etc. 

The annual dinner will be featured by an address on 
the subject of Aerial Photography by Colonel George W. 


Goddard, 
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OWENS-CORNING NAMES 
DIRECTOR OF PURCHASING 


George E, Gregory was named to the newly created posi- 
tion of Director of Purchasing, according to a recent 
announcement made by the Owens-Corning Fiberglas 
Corporation. Mr. Gregory will assume these new duties 
in addition to his present position as Vice President in 
charge of commercial development. 

Mr. Gregory joined the company in 1938 as General 
Sales Manager. This was the year in which the com- 
pany was established. Formerly, he had been Manager 
of the Fiber Products Sales Division of Corning Glass 
Works. He was named Director of Fiberglas sales in 
1912 and became Vice President in 1943, 

\s well as directing purchasing and contract rélation- 
ships, Mr. Gregory will administer the firm’s Traffic De- 
partment covering shipping activities at the Fiberglas 
factories in Ohio, Pennsylvania, Rhode Island and at 
the plant now under construction in Kansas City, Kansas. 

Che appointment of Arthur R. Smith, Jr., as General 
Purchasing Agent to succeed R. R. Bastian, resigned, was 
also made known. Mr. Smith joined the company in 
1914. 


PITTSBURGH PLATE 
APPOINTS SAFETY DIRECTOR 


It has recently been announced by Pittsburgh Plate Glass 
Company that Thomas R. Donoghue has been appointed 
Safety Director, Mr. Donoghue will have complete 
jurisdiction over the in- 

dustrial safety program 

in all the plants operated 

by the company. 

Upon joining the com- 

pany in 1920, Mr. Don- 
oghue first served as 
safety and mining engi- 
neer at the Crystal City, 
Missouri, glass plant. In 
1925, he became safety 
engineer at the firm’s 
Creighton, Pa., plant and 
continued in that capacity 
for a 15-year period. He 
then served at the Colum- 
bia Chemical Division’s 
Barberton, Ohio, plant. 

When Columbia Chemical Division was requested by 
the government’s Defense Plant Corporation to build 
and operate a plant at Natrium, West Virginia, Mr. 
Donoghue was appointed Personnel Director of the new 
unit. He remained in that post until his present appoint- 
ment. 


PITTSBURGH SECTION 
ANNOUNCES FALL MEETING 


The Pittsburgh Section of the American Ceramic Society 
has announced September 20 as the date for its opening 


Fall meeting. The meeting will be held at the East 
Liverpool, Ohio, Country Club. 

Arthur Wells, well-known barbecue chef, will sponsor 
a demonstration of the use of the Infra-red ox-roasting 
equipment, The program will include plant visits, golf, 
dinner and entertainment. 


SEPTEMBER, 1946 


KUAN-HAN SUN JOINS 
WESTINGHOUSE 
Kuan-Han Sun, formerly with the Kodak Research Labo- 
ratories, has recently joined the staff of the Westing- 
house Research Labora- 
tories, 

Dr. Sun was graduated 
from the National Univer- 
sity of Chekiang at Hang- 
chow, China, in 1936 with 
a B.S. degree. In the same 
year, he won a fellowship 
by a nation-wide competi- 
tive examination from the 
National Tsing-Huda Uni- 
versity for advanced study 
in America, 

Upon coming to America in 1937, Dr. Sun enrolled 
in the University of Pittsburgh and received his M.S. de- 
gree in 1938 and his Ph.D. in 1940. He was a post- 
doctorate fellow in the University of Pittsburgh from 
1940-1942 and compiled the “Data on Chemicals for 
Ceramic Use” for the National Research Council. Dr. 
Sun joined the Kodak Research Laboratories in 1942. 
He is President of the American Chapter of the Chinese 
Ceramic Society. 


$25,000,000 EXPANSION ANNOUNCED 

BY WYANDOTTE 
An expansion program of $25,000,000 which is expected 
to increase the corporation’s sales by more than 30 per 
cent by 1948, has been announced by Wyandotte Chemi- 
cals Corporation. Plans include the entering of Wyan- 
dotte into the organic chemicals field on a large com- 
mercial scale after producing inorganic chemicals and 
cleaning materials for over fifty years. 

Although a decision to enter the field of glycols and 
related compounds was made in 1944, it was not until 
this year that wartime restrictions permitted the con- 
struction of the necessary buildings and installetion of 
new equipment. Principal product of the glycol unit will 
be a substantially pure grade mixture of ethylene and 
propylene glycols. 

Other products of the glycol unit will include chloro- 
ethers, polyglycols, ethylene and propylene dichlorides 
and solvent napthas. The plant will utilize a process 
not now in commercial operation and protected by pat- 
ents owned by Wyandotte Chemicals Corporation. Prin- 
cipal raw materials will be petroleum, chlorine and lime. 

The expansion phase of the new construction program 
includes increased capacity for almost all of the com- 
pany’s alkali products. Soda ash capacity will be stepped 
up by 15 per cent. Chlorine expansion will exceed the 
additional requirements for captive use and will provide 
adequate supplies for increased needs of Wyandotte cus- 
tomers in the paper, chemical, textile and water purifica- 
tion industries. Capacity for precipitated calcium car- 
bonate will be increased from two to five units, each of 
the three new units having 50 per cent more capacity 
than the original units built. 

The calcium carbonate expansion is expected to be 
completed by January 1, 1947, while the other inorganic 
plants will not be finished until January, 1948. The addi- 
tional capacity for these inorganic products will approxi- 
mate 600 tons per day. 
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JAMES ASHLEY NAMED L-O-F 
PUBLIC RELATIONS DIRECTOR 


Libbey-Owens-Ford Glass Company has named James” 
M. Ashley as Director of Public Relations to replace the 
late North A. Wright. Mr. Ashley has been in charge 
of the company’s Wash- 
ington, D. C., office for 
the past few years. 

In 1934, Mr. Ashley 
joined L-O-F at the East 
Broadway safety glass 
plant. He was later trans- 
ferred to the Minneapolis 
office and then to Chicago. 
In 1938, he established a 
sales office for the com- 
pany in Washington, D. C. 

During the war, Mr. 
Ashley maintained Army 
and Navy contacts in con- 
nection with L-O-F’s war manufacturing program for 
military equipment, working closely with government 
designers and military officials in solving many emer- 
gency problems, 

Mr. Ashley will have general supervision of the com- 
pany’s advertising, sales promotion, publicity and de- 
partment of design operations. 


NORTH CAROLINA COLLEGE 
APPOINTS DR. KRIEGEL 


The North Carolina State College has appointed Dr, Wil- 
liam Wurth Kriegel as Professor and head of the Depart- 
ment of Ceramic Engineering at the University. He suc- 
ceeds Dr. A. F, Greaves- 

Walker, retired. 

Dr. Kriegel received a 

Bachelor of Science degree 
in Civil Engineering and a 
Bachelor of Science in Ce- 
ramic Engineering at the 
University of Washington. 
In 1936, he was granted a 
Master of Science degree 
at Montana School of 
Mines. He later was 
awarded the degree of Doc- 
tor of Engineering by the 
Technische Hochschule in 
Germany. 

Beginning his teaching in 1934, Dr. Kriegel remained 
with the Montana School of Mines until 1939. He then 
became instructor of Ceramic Engineering at North Caro- 
lina State College and was Associate Professor when he 
was called to active duty in the Army in 1941. He re- 
turned to the College in 1945. 


L-0-F APPOINTMENT 


Announcement has been made of the appointment of 
G. M. Sollenberger to the post of District Industrial 
Sales Manager at the Libbey-Owens-Ford Glass Com- 
pany’s Cincinnati office. 

Mr. Sollenberger was formerly with the company’s 
Cleveland office as Industrial Manager. 
ceeded there by George Neukom, Jr. 


He is suc- 
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NATURAL GREENLAND CRYOLITE 


fer the Glass 3 
: Kryolith, which is our trade name for natural Cryolite, 
and Covamtc is a double salt of sodium fluoride and aluminum 
fluoride. It was originally a basic ingredient in the man- 
YF; peu 4 br tos ufacture of soda, but today it has many and varied uses. 


For many years Kryolith has been employed as an 
opacifier and fluxing agent in the ceramic and glass 
industries. Manufacture of ceramics is aided by Kryolith’s 
long fluxing action, high degree of opacification and 
quick reduction of batch due to the low melting point. 
Manufacture of glass is aided by Kryolith’s capacity to 
dissolve coloring oxides and to improve lustre and clarity. 


Kryolith comes packed in 500 Ib. barrels and 100 Ib. 
bags. For complete information, write today. 
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ARMSTRONG’S PERSONNEL PROGRAM ... 


(Continued from page 443) 





| PRESIDENT’ S OFFICE 


| 





| 





| 


GENERAL PERSOWNEL MANAGER | 





I 








| ASST, GEM. PERSOWNEL MANAGER | 





FUNCTIONAL ACTIVITIES 
= 
Labor Relations in Cooperation 
with Labor Relations Dept. 
Public Relations in Cooperation 
with Advertising & Promotion 
Departaent. 














FUNCTIONAL CONTROL OF 
PL. PERSONNEL PROCEDURE 


‘ 
4. 
PLANT PERSONNEL MANAGERS 




















| i | 





L l i 





PERSONNEL EMPLOYMENT EMPLOYEE 
RESEARCH (Salery) INFORMATION 


TRAINING 


MEDICAL GEWERAL SAFETY 








Personne! Policy Source Relations 
4 Pregran Recruiting 
Development ¢ interviewing 
Interpretation Selection § Placement 
Legisiation § initial induction 
Regu lations Transfers 
Special Studies Termination interviews 


g os ee 


*Arast rong 
Reporter* 
Report on 
Operations to 
Employees 
Publicity 
Editorial, Layout, 
Artwork & 
Production 
Service on 
Special Projects 



































Analysis of 
(raining Needs 


Program Development. 
individual 
Group 


Staff Assistance 
on Program 
Operation 


Operation of 
General Programs 
introductory Week 

Production Management 
Home Office Visit 
Special Conferences 


"Management Hotes* 


Liaison Contact 
Plant Personne! 
Peerations 
Lisison Contact 
Educational Agencies 


Attitude Surveys 





Development & ie 


Appraisal of 
Standards & 
Procedures 





Accident 
Prevention 
Plant Surveys 
& Programs 
(Wealth § Safety 
Comai ttee) 


Service Programs 
Salary Personne! 
Roster 
Salary Personnel 


Administration of Folders 


Floor & Closure 











Group insurance 


Dispensaries Progran 


(Wealth & Safety 
Committee) 


























i 





LIGRARY 


5 





Organizational chart of the Armstrong Cork Company. 


analysis and plan with his supervisor and establishes a 
schedule for the plan of development to be followed. 
This plan does not contain the undesirable features of 
the so-called “Merit Rating Plans,” but rather empha- 
sizes constructive analysis and development. Experience 
has proved that, in addition, it assists the superior to 
determine better the methods of approach in dealing with 
his individual supervisors for maximum personal 
guidance. 

5. The Individual Training Plans Procedure. Train- 
ing is, in last analysis, an integral part of supervision. 
Unfortunately, to many people the term “training” sig- 
nified only formal group programs and classroom work 
and ignores the informal, day-by-day opportunities for 
individual learning. The Individual Training Plans pro- 
cedure recognizes that both formal and informal training 
are necessary and sets up, in definite schedule form, the 
course to be followed by each supervisor. Training 
methods included in this schedule are: 1) Special coach- 
ing by superior; 2) Special coaching by staff representa- 
tive; 3) Brief assignment in another department; 4) En- 
rollment in evening courses; 5) Visits to other plants 
and companies; 6) Assignment to trade and technical 
association meetings; 7) Long-term plan of position as- 
signments; 8) Participation in group training projects; 
and 9) Utilization of presently available training material. 

6. The Personnel Folder. Industry has long recog- 
nized the necessity and value of maintaining accurate 
records of sales, cost, equipment, materials, and other 
tangible factors of the business, Not always has such 
emphasis been placed on the value of records dealing 
with the human element of the organization. But today 
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these records serve as an inventory of the people avail- 
able for placement on the basis of need, and as a basis 
for planning individual development, Armstrong’s Per- 
sonnel Folders present an orderly history of the employ- 
ment of each individual and all changes affecting him. 
They aid in the selection of new supervisors, and contain 
records of the training and qualifications of old ones. 

Armstrong believes that supervisors, carefully selected 
and trained under this varied program, provide one of 
the best possible methods of keeping employees abreast of 
company policies and practices. 

Additional information is carried to employees by 
“The Armstrong Reporter,” a company news magazine 
that is mailed each month to the home of every worker. 
This magazine contains a wide variety of articles and 
pictures of activities in all the Armstrong plants and, in 
addition, serves as a medium for publicizing company 
matters that are of interest to employees. For “spot” 
or “flash” news between issues of the magazine, notices 
are posted prominently on bulletin boards. 

For programs as important and as far-reaching as 
Armstrong’s Group Insurance, Retirement, and Income 
Security plans, special booklets setting forth their pro- 
visions are given to all employees. In this way the book- 
lets are available for study during leisure time and can 
be kept for future reference. 

These three programs—Group Insurance, Retirement, 
and Income Security—are similar to those carried on by 


.most progressive corporations but bear further mention 


here because of their importance in Armstrong’s basic 
ten-point personnel policy. 


(Continued on page 474) 
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GLASS-METAL SEALS ... 
(Continued from page 449) 


grain boundaries results because hydrogen diffuses 
through copper faster than water vapor escapes by dif- 
fusion, and sufficient pressure to rupture the metal is 
built up. Foreign oxides in copper are also reduced by 
hydrogen. 

It is evident that serious difficulty can be encountered 
with a thin-edge seal if cuprous oxide inclusions or 
holes at the grain boundaries occur at or above the line 
where the glass of the seal ends (see Fig, 5.6a, b, c). 
In this region the thickness of the metat is not great 
and small holes can result in leakage through the metal. 

Because of the danger of embrittlement and leakage 
it is necessary to anneal electrolytic copper in vacuum. 

In order to overcome the above objectionable features 
oxygen-free and high conductivity (OFHC) copper was 
developed. This metal is made by melting high-purity 
electrolytic cathode copper under carefully controlled 
conditions of atmosphere and temperature and casting 
the metal under these same conditions. Microscopic 
examination reveals no cuprous oxide between crystals, 
and no other oxides are present in sufficient quantity to 
be harmful. Its freedom from oxygen makes it possible 
to silver-solder, braze, or weld OFHC copper without 
danger of hydrogen embrittlement. 

For use as anodes for power tubes, phosphorus, zinc, 
and managanese in OHFC copper should not exceed 
0.0003 per cent of each impurity. 

In the heat treatment of thin-edge copper seals, such 
as annealing, it is well to bear in mind that grain size 
in copper increases rapidly at 600° C., the rate of growth 
increasing ten-fold between 600° and 700° C. for 
OHFC copper. Grain size of the magnitude of 0.004 in. 
can in many instances mean that the metal above the 
seal is merely one crystal thick. Crystal boundaries are 
then extremely vulnerable surfaces. 

Formation of cupric and cuprous oxides when copper 
is heated have an important bearing on the use of copper 
as a seal metal. As an upper limit a temperature of 
1065° C. can be set since this is the melting point of the 
eutectic mixture of copper with 3.5 per cent Cu,Q. For 
oxidation in air at atmospheric pressure the temperature 
should not fall below 1026° C. if the formation of CuO 
is to be prevented. Even when the rate of cooling is 
slow, however, only a thin film of CuO is formed if 
the temperature has been above 1026°. If the oxidation 
is conducted below 1026° in air at atmospheric pressure 
a layer of CuO is first formed. Cu,O is subsequently 
formed next to the copper if the temperature is not too 
low. If the temperature is too low a black film of CuO 
which will not adhere to the copper is formed. 

In actual practice the recommended procedure is to heat 
the copper to about 1030-1040° C. Without letting the 
copper cool, the glass is heated to the working tempera- 
ture, and glass and metal are brought together. Heating 
is continued for about 15 seconds to permit complete 
wetting of the copper by glass and probably slight solu- 
tion of copper oxide in the glass. Careful flame an- 
nealing is then performed, 

The method of sealing is essentially the same with 
both soft and hard glasses. The temperature of soaking 


24. Mellor, J. W., A Comprehensive Treatise on Inorganic and Theoretical 
Chemistry, Vol. XI, Longmans, Green, 1931, p. 689. 
25. Smithells, C. J. and Rooksby, H. P., J. Chem Soc., 1927, p. 1882. 
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after the glass has been brought in contact with the 
copper is somewhat higher in the case of hard glass. 

From the discussion above it is obvious that the entire 
procedure is planned to prevent the formation of loose, 
flaky CuO and to insure the presence of Cu,O0 which 
adheres well to the metal. The color of the completed 
seal is an indication of success in this respect, the color 
being a medium to dark red in the case of soft glass 
and a bright opaque yellow-red or orange-red in the 
case of hard glass, 

12) Tungsten, Tungsten has been the most important 
metal used for internal seals with hard glasses. Its 
specific resistance (slightly lower than that of molyb- 
denum) is lower than that of any other metal or alloy 
used for internal seals—lower in fact than that of any 
other sealing metal for any type of seal except copper. 
This fact, among others, accounts for its suitability in 
the manufacture of electron tubes which operate at high 
power, Because of the heat generated during the opera- 
tion of such tubes, as well as the high degassing tem- 
peratures for the metal parts within the tube, it is es- 
sential that hard glass be used, and tungsten and molyb- 
denum are the only two matching metals that are gen- 
erally suitable for internal seals, In addition, the tube 
elements to be carried by the lead wires are usually 
rather large and heavy, and the rigidity of tungsten and 
molybdenum is important in this respect. 

Tungsten for seals is obtained in the form of ground and 
polished rods. Freedom from longitudinal internal fis- 
sures and surface cracks and scoring is extremely impor- 
tant since the surface tension of glass is not sufficiently 
low to fill the latter and there is no certain way of pre- 
venting leakage through the former. Various diameters 
are used, usually 0.080 in. or less although rods as large 
as 0.200 in. have been sealed successfully into glass. 

Because of its cost tungsten is often reclaimed from glass 
stems and re-used. Oxidized tungsten can be cleaned by 
immersion in a bath of molten sodium nitrite at 300° C. 
or electrolytically in a 10 per cent solution of sodium 
hydroxide with an alternating current of 12 volts. Even 
new tungsten rods should be cleaned before pre-oxida- 
tion if there is any question concerning the condition of 
the surface, 

In the usual process for sealing tungsten through glass 
a tungsten rod of the required dimensions is oxidized by 
heating to a yellowish red or an incipient white heat, 
a short length of glass tubing with inside diameter slightly 
greater than the diameter of the rod is slipped around 
the tungsten, and the glass is fused to the metal to form 
what is called a beaded lead. Such a lead seals readily 
into a glass flare or bulb. 

If a vacuum tube using tungsten leads is examined 
an orange-red color (occasionally blue or black) is 
seen to surround the tungsten where it is sealed through 
the glass. This color evidently has its origin in the 
oxide layer formed on the tungsten by heating. Since 
the tungsten, if properly oxidized, is bluish-black in 
color some change has taken place in the operation of 
fusing glass to the lead. Little, if any, light on the 
subject can be found in the literature. 

The oxides of tungsten have generally been given** as 
WO,, W.0,, and WO,. Smithells and Rooksby” ob- 


tained X-ray diffraction patterns for these oxides. 


(Continued on page 466) 
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Chaudron*® determined the equilibrium conditions be- 
tween hydrogen, water, tungsten, and its oxides as given 
above; and van Liempt** deduced from Chaudron’s re- 
sults the equilibrium constants, Tarjan**, however, stated 
that no oxide with the composition W,O; exists, that 
the true composition is W,O,,, and that further reduction 
of W,O,, leads without intermediate step to WO, and 
finally to tungsten. Ebert and Flasch*® confirmed the 
existence of W,O,, and described a new compound W,0.,. 
It is generally agreed that the colors of the oxides 
and mixtures of the oxides are as shown in the following 
table: 
Color Composition 
Yellow 
Greenish blue 
Dark blue or bluish violet 
Purple brown 


wo, 

WO, + W.O, (W,0,,?) 
W.O; (W,0,,?) 

WO, + W.O, (W,0,,?) 


Chocolate brown wo, 
Brownish black wo, + W 
Grayish black W 

Gray W 
Metallic gray W 


While many of these colors are found in glass-tungsten 
seals under varying conditions of manufacture and 
thermal and electrical treatments no definite clue is given 
concerning the composition of the intermediate layer. 
An X-ray investigation®’ established the following: 


(a) If a tungsten rod is heavily oxidized the oxide 
layer consists of approximately 80 per cent WO, and 20 
per cent W,O,. After glass has been sealed to the wiré, 
with the usual time of heating and no heat soaking after 
the glass has wet the metal, the color of the seal is 
bluish-black and the oxide layer consists of W,O,; with 
traces of WO.,,. 


(b) If a tungsten rod is oxidized in the normal man- 
ner the oxide layer is thinner than in the previous case 
and consists chiefly of W,0, with a small amount of WQ,. 
After the seal is made the color is an orange-red and the 
oxide layer consists of WO, with a possible trace of 
W.O,. 

(c) There is a discrepancy between the chocolate 
brown color of WO, in powder form and the orange-red 
color of a glass-tungsten seal which X-ray diffraction 
shows to be essentially WO,. The orange-red may be 
due to a trace of W,O,, to a difference in particle size, 
to colloidal suspension of oxide in glass, to a solid solu- 
tion of oxides, or possibly to formation of a tungsten 
bronze with alkali from the glass*'. 

13) Molybdenum. Molybdenum has many character- 
istics which are greatly similar to those of tungsten. 
The thermal expansion is somewhat higher and, as a 
rule, this requires the use of glasses other than those 
which are employed with tungsten. The specific resist- 
ance is very slightly higher than that of tungsten. 

While it has been sealed into glass for support leads 
in many types of tubes, molybdenum has not been used 





26. Chaudron, G., ~~ rendus, 170, 1056-8 (1920). 

27. van Liempt, 7. Z. anorg. Chem., 120, 
126, 183-4 t1g83)" 

28 Tarjan, E., etresiee 19, 166-7 (1931). 

29. Ebert, F. and Flasch, H., Z. anorg. Chem., 217, 95-104 (1934). 

30. Unpublished data by 7 3 J. Monack, F. E. Haworth and E. E 


. Beeton. 
$1. Smithells, C. J., Tungsten: A Treatise on Its Metallurgy, Properties, 


267-76 (1922); 


and Applications, Chapman and Hall, Ltd., London, 1926, pp. 38-39. 
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widely for “lead-through” purposes, notwithstanding the 
fact that it is cheaper than tungsten and is much less 
susceptible to cracks and fibrous defects. The chief 
objection for many years has been the strong tendency 
of molybdenum to over-oxidize during sealing or bead- 
ing. This disadvantage, however, can be overcome by 
careful technique and the metal is being more widely 
employed for seals than formerly. 

Because of its tendency to form a thick, non-adherent, 
semi-liquid oxide molybdenum should always be beaded 
by fusing a close-fitting glass to the metal. This beaded 
lead can then be sealed into a glass stem or bulb with- 
out difficulty. The non-adherent nature of the oxide 
makes it desirable to choose a glass with higher expan- 
sion than that of molybdenum so that the glass exerts 


a radially compressive force on the metal when at room 
temperature. 


As in the case of tungsten, molybdenum is in Group 
VI of the Periodic Table and may have a variety of 
valences. Again as in the case of tungsten, some of the 
oxides reported in the literature require valences that 
are not whole numbers (e.g., Mo,0,, valence = 5.33). 
This indicates either a mixture of oxides or a complex 
crystal in which the metal atom takes part in more than 
one type of grouping in the crystal (e.g., the spinel struc- 
ture of Fe,O,). The colors of certain of the oxides of 
molybdenum are reported as follows: 


Color Oxide 
WEED 25k bc sneobaencmene ee Mo.0, 
Brownish-black ............ MoO, 
BED. swbodtes ot bn on0 bee Mo,0, 
pe se se Mo,0, 
Yellowish white ............ MoO, 


Mo,0,, and Mo,O,. are said to exist. The valences in 
these cases would be 5.5 and 4.8, respectively. 

A heavily oxidized molybdenum rod shows a coating 
of yellowish white MoO, over dark violet Mo,O,. In- 
tense heat drives off oxide in the form of a heavy vapor. 
The action is apparently one of true sublimation. If 
oxidation is done between 600 and 800° C. the oxide film 
is not excessively thick, A normally oxidized lead is a 
dark violet color, and on beading such a lead the color 
changes to brown, often with a suggestion of violet. 

Molybdenum rods are purchased in ground and pol- 
ished form. For degassing and cleaning the surface of 
volatile and combustible contamination the metal can 
be fired at 1065° C. for 45 minutes in line hydrogen. 

Molybdenum leads for electron tubes vary widely in 
diameter, from fine wires to heavy rods. Diameters of 
3% in. are not uncommon, and even larger sizes have 
been used on occasion. 

Cleaning methods employed with tungsten are gen- 
erally satisfactory for molybdenum. 

14) 42 Alloy and Glass Sealing “42”. Driver-Harris 
42 Alloy is another member of the nickel-iron family of 
alloys. The thermal expansion matches that of several 
of the hard glasses, but use of this material is subject 
to the limitations mentioned in the discussion of 52 Alloy. 


42 Alloy is nearly always employed as the core metal 
in the manufacture of Dumet. 


Carpenter Glass Sealing “42” is very similar to 42 
(Continued on page 468) 
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Alloy and may be used interchangeably. Both alloys 
have served most successfully in the form of thin-edge 
cups. An example of this type of application is found 
on “sealed beam” automobile headlights, The thin edge 
is embedded in the glass to form an edge seal (see Table 
L) rather than true tubular seal, although the latter have 
been made. 

15) Kovar (Fernico). In 1930 a report was pub- 
lished by Scott** on the results of his detailed investiga- 
tion of the thermal expansion characteristics of alloys in 
the iron-nickel-cobalt family, and further information 
was reported in 1931 by Masumoto**. It was found that 
certain alloys in this family had inflection points in their 
expansion curves and that inflection points could be 
chosen to match closely those of certain hard glasses. 
These inflection temperatures are Curie points or tem- 
peratures at which the alloys lose their ferro-magnetism. 
The shape of the expansion curve below and above 
the inflection is almost exactly that of several hard 
glasses. It is evident that such an alloy is extremely im- 
portant in the technology of glass-metal seals, 

The names Kovar and Fernico have been applied in- 
terchangeably to an alloy of 53% iron, 28% nickel, and 
18% cobalt which has proved to be most suitable for 
seals with glass, Hull, Burger, and Navias**, however, 
have reserved the name Fernico for an alloy of 54% 
iron, 31% nickel, and 15% cobalt, which is said to be 
still more stable than the previously mentioned composi- 
tion, Kovar is more readily procurable in many forms 
and is used in the great majority of applications. Chemi- 
cal analyses of samples of Kovar show the following: 


a ee sb 4'a'k 0% 52.46 to 53.30% 
EE Elec ss ka 40 re 27.91 to 28.54 
le od rics we 18.14 to 18.55 
Manganese .......... 0.19 to 0.29 
IR Ses eck asn 5 0.06 to 0.30 
Eee a ee 0.13 to 0.23 
Magnesium .......... 0.001 to 0.005 
The preferred composition is: 

er ea oa ose wie 52.9-53.4% 
CN ee. dae es so vee 28.7-29.2 
igs. sie k <0ip-o:8' 0 17.3-17.8 
SESE OE OPES 0.06 
Manganese, max. .........- 0.50 
SS SET 0.20 


British Kovar-type alloys have been discussed by Red- 
ston and Stanworth*, 

Kovar is polymorphic and its low thermal expansion 
is characteristic only of its gamma or face-centered cubic 
form, The alpha or body-centered form has an ex- 
tremely high expansion. Fortunately, the gamma-alpha 
transformation occurs below —80° C. The gamma-alpha 
transformation can be produced by cold working, such 
as rolling and drawing and filing. The gamma phase 
can be restored by annealing for 5 minutes at 900-1200° 





$2. ‘Scott, H., Trans. A. I. M. E., Inst. of Metals Div., pp. 506-38 (1930). 
$3. Masumoto, H., Sci. Rep. Tohoku Imp. Univ.., 20, 101 (1931). 


34. Hull, A. W., Burger, E. E. and Navias, L., J. Appl. Physics 12, 
698-707 (1941). 
$5. Redston, G. DB. and Stanworth, J. E., J. Sci. Instruments, 23, 53-7 


(1946). 
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C. Annealing is generally combined with degassing and 
cleaning by firing for 1 to 4 hours at 900-1100° C. in 
line hydrogen, 

Kovar is usually oxidized at a temperature of about 
650° C. In many cases no pre-oxidation is performed, 
the heat of sealing being more than ample. Overheat. 
ing of the metal results in the formation of a thick black 
oxide which adheres well to glass and metal but is porous, 

The specific oxides formed when Kovar is heated have 
not been studied. It is reasonable to assume, however, 
that cobalt oxide is a major constituent in cases of heavy 
oxide. Nickel oxide probably forms part of the oxide 
layer, possibly most of it in a properly made seal, and 
it is not likely that iron oxide is high in percentage as 
a rule. The thick, porous layer of an over-oxidized lead 
may contain much higher percentages of iron, although 
the rich black color is indicative of CoO. 

Correct oxidation results in a seal having a mouse- 
gray or brownish appearance, the color depending upon 
the glass used, time of heating, and temperature of seal- 
ing. In some cases it is necessary to bead or coat the 
metal with glass prior to sealing in order to preserve 
the proper oxide condition. 

Oxidized Kovar may be cleaned electrolytically in a 
solution of sodium chloride containing 10-15% hydro- 
chloric acid. An A.C. current of 12 volts with a cur- 
rent density of 10 amperes per square inch is recom- 
mended. 

Kovar 
































































may be electroplated, tin-dipped, soldered, 
welded, and brazed. Kovar parts are produced in a 
great variety of shapes by machining, drawing, punch- 
ing, etc., and these parts are used in the manufacture 
of nearly every type of seal listed in Table 1. In some 
instances it is now the practice to braze Kovar to cop- 
per anodes for power tubes in order to eliminate the 
thin-edge seal. 

16) Electroplated Metals. lf a glass-metal seal is not 
required to hold vacuum or pressure it is possible to 
obtain good, mechanically strong seals with electroplated 
metals. Expansion relationships between the glass and 
the base metal are of course not altered by the plating. 
Plating is useful in those instances where poorly adherent 
oxide forms on the unplated base metal. For example, 
copper- or nickel-plated cold-rolled steel, 52 Alloy, or 
42 Alloy make mechanically strong seals if done properly. 
Chromium plating has been used. 

There havé been many cases in which electroplated 
metals formed good hermetic seals but the practical difh- 
culties involved have been a serious bar to extended com- 
mercial application. The chief problem is not one of 
firm glass adherence to the plated coating but one of 
leakage between plating and base metal. The field has 
never been thoroughly and systematically investigated, 
and there are undoubted advantages which justify more 
experimentation. 

Plated coatings which have been tried sporadically 
are platinum, copper, nickel, chromium, and silver. The 
last-named has a tendency to melt and gather as globules 
on the base metal, thus permitting formation of unde- 
sirable base-metal oxide. 





























































































Mechanism of Sealing 





The operations involved in making a glass-metal seal 
are simple enough and well understood. Glass and metal 
(Continued on page 470) 
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are brought into contact, sometimes by gravity but usu- 
ally by means of an applied force, at a temperature 
which is high enough for the glass to be fluid. In gen- 
eral, the temperature of the metal must equal or exceed 
that of the glass in order to form a satisfactory hermetic 
seal, In all likelihood the only significance here is the 
fact that the glass is chilled by the metal if the tempera- 
ture of the latter is below that of the glass. It can be 
set down as an essential condition that the glass must 
be “hot enough” to wet the metal. Once that statement 
is made it is necessary to enter a speculative field if the 
discussion is to continue. 

“Hot enough” means many things: low viscosity, low 
surface tension, greatly increased thermal agitation, 
chemical bonds that approach the weak liquid bonds, 
increased spacing between ions, an increased number of 
free ions due to rupture of bonds, many ruptured bonds, 
and numerous other chemico-physical facts. The explana- 
tion of wetting of metals by glass probably comprises 
several of the above. 

The subject is complicated by the fact that super- 
ficially and internally a glass at 1000°C. is not the 
same as a glass at room temperature. Wetting occurs at 
elevated temperature but we are concerned with adher- 
ence at room temperature. We can only conclude that 
a set of conditions which causes or permits wetting at 
high temperature persists in some fashion at room tem- 
perature. 

It has often been taken for granted that the presence 
of an oxide coating on a metal is essential for wetting 
of that metal by glass. It has further been assumed that 
the presence of an intermediate oxide layer between 
metal and glass is necessary to obtain glass to metal ad- 
herence. Ellefson and Taylor’ found that gold and 
platinum were wet by molten silicates in the absence of 
oxygen and without evidence of oxide coatings on the 
metals. According to Housekeeper*® a seal to copper 
can be made without oxide on the metal. Hull and Bur- 
ger’! express the opinion that glass might adhere to clean 
metal. Hull, Burger, and Navias** measured the strength 
of bond of Fernico-glass seals in which the oxide had 
been completely dissolved in the glass by prolonged heat- 
ing, and the results showed unquestionable good bond- 
ing between metal and glass. Dumet seals may be heated 
until the cuprous oxide dissolves completely and leakage 
need not result. Tungsten seals need not leak when the 
oxide is completely dissolved by heating. There is 
ample evidence, therefore, that the presence of oxide is 
not a requisite condition for a successful seal. 

Another usually accepted opinion is one which postu- 
lates a “graded seal” between metal and glass, which 
gradually merge into one another through the medium 
of an oxide layer which is soluble in both metal and 
glass. Since seals can be made to clean metals it is 
obvious that the “graded seal” theory is not a neces- 
sary explanation. It is true that most oxides are readily 
soluble in glass, It is true that metal oxides dissolve in 
metals. By proper manipulation of time, temperature, 
partial pressure of oxygen, etc., it is possible to obtain a 
“graded seal” of the mutually soluble type. Nevertheless, 
it can be said with certainty that in many seals there is 
little solution of oxide in the glass. Whatever solution 
or diffusion occurs, the depth of penetration into the 
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glass is probably not much greater than ionic dimen. 
sions. This is not surprising. Glass at its working tem. 
perature is far from a fluid liquid. The surface tension 
and viscosity are high; the time of contact at high tem. 
perature is short. Careful microscopic examination of 
seals fails to disclose evidence of a definite oxide-glass 
zone, In the glass itself there is little or no discolora. 
tion caused by solution or suspension of metal ions. The 
demarcation between oxide and glass is often very sharp 
and seems to be a true discontinuity. If the’ oxide-metal 
junction is investigated a sharp boundary is found ig 
many cases. Thus, a tungsten-glass seal breaks at the 
oxide-metal interface with a clean fracture. The copper 
of a thin-edge seal can be pulled or rolled away from 
the seal so that all oxide is left as an adherent coating 
on the glass while the exposed copper surface is essen- 
tially oxide-free. Hence, while there is no doubt some 
penetration of oxide into the glass and possibly some 
penetration or solution of oxide into the metal, the con- 
ception of a “graded seal” consisting of metal : oxide in 
metal : oxide : oxide in glass : glass is probably too ideal. 

The matter of the presence or absence of metal oxides 
in seals is somewhat academic since formation of oxides 
is a natural result of heating metals in order to seal 
them to glass, and prevention of oxidation is costly and 
troublesome. In fact, the chief problem in sealing tech 
nique is one of preventing the formation of excessively 
thick oxide. It is quite possible that if oxides did not 
always form normally on heating (with the probable 
exception of the noble metals) there would be no specu- 
lation on the role of oxides in glass-metal seals. 

It can be said with certainty, however, that glass will 
wet an oxidized metal surface more readily than it will 
a clean metal surface. This may be considered solution 
of oxide in the glass but it is actually more correct to 
call it penetration. 

Because of the very definite indications that glasses 
will wet and bond to both a clean metal surface and an 
oxidized metal surface it is necessary to assume that two 
types of action take place in sealing (unless it be 
agreed that even a clean metal surface is covered by an 
invisible oxide coating). On the other hand, if it is 
assumed that a metal oxide is merely a metal ion com- 
bined with an oxygen ion, while a metal consists purely 
of metal ions, then the explanation of adherence need in- 
volve only a metal ion. 

According to the Drude-Lorentz theory a metal is to 
be regarded as an assemblage of positive ions immersed 
in a gas of free electrons. The attraction between the 
positive ions and the electron glass gives the structure its 
coherence. Sommerfeld’s modification in terms of the 
exclusion principle and its extension by Bloch to take 
into account the wave nature of the electrons do not alter 
the conception of metal ions. It is thus quite possible 
to seek a single explanation to cover the wetting of both 
metals and metal oxides by glass. 

Hull and Burger express the opinion that an im- 
portant factor in the wetting of clean metals is congru- 
ence between the metal lattice and the molecular dimen- 
sions of the glass. Apparently the structure of the metal 
lattice is not critical since copper, nickel, alpha cobalt, 
and gamma iron all have the cubic close-packed struc- 
ture, while chromium, molybdenum, tungsten, beta 
cobalt, and alpha and beta iron have either the hexagonal 

(Continued on page 476) 
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DUST SEALED 
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PROTECTION 


You breathe pure, dust-free air in a batch room 
equipped with Smith Glass Batch Mixers. That's 
because the Smith is dust-sealed during the entire 
cycle of operations — charging, mixing and dis- 
charging. There’s no chance for dust to escape. 
Practically eliminates the dreaded silicosis hazard. 
Promotes employee health and efficiency. at the 
same time producing quality glass batches in the 
shortest possible mixing period. 


New 40 cu. ft. Smith Glass 
Batch Mixer equipped with 
dust boot which confines 
dust within mixer drum. 


SCIENTIFIC MIXING 
OF GLASS BATCHES 
The Smith duo-cone drum is 
famous for its effective “end- 
to-center” mixing action. Ver- 
tical cascading and unneces- 
sary agitation are avoided by 
substituting a less violent roll- 
ing action. Segregation is 
eliminated, for mixing con- 
tinues during the entire dis- 
charge cycle. Discharge is 
fast and complete. No cor- 
ners or pockets in drum. No 
“left overs” to contaminate 
succeeding batches. Insures 
improved quality of glass 
batches and greater produc- 
tion. Built in all standard 
sizes up to 112 cu. ft. Write 
for bulletin. 

The T. L. SMITH CO. 


2898 NORTH 32ND STREET 
Milwaukee 10, Wis., U.S. A. 


Smith Glass Batch Mixer 
in discharge position. Fast 
“Tilt and Pour” discharge. 


CHAS. TAYLOR SONS MAKES 
APPOINTMENTS 
Chas. Taylor Sons Company has announced the appoint. 
ment of Edwin K, Pryor as exclusive sales representative 
for the company in the states of California, Washington, 
Oregon, Arizona, Utah and 
Nevada. 

A graduate of Ohio State 
University, Mr. Pryor ma- 
jored in metallurgical engi- 
neering. He spent five years 
in the Michigan-Ohio and 
West Virginia area as sales 
engineer for Chas, Taylor 
Sons and has recently com- 
pleted one year of special 
work on the staff of Battelle 
Memorial Institute. 

Mr. Pryor will devote his 
time to the development 
and application of P. B. Sillimanite and Taylor Zircon 
Super-Refractories among industrial plants in the West. 

At the same time, the company made known the addi- 
tion of W. H. Corban, ceramic engineer, to its sales staff, 

Mr. Corban is also a graduate of Ohio State Uni- 
versity. He spent five years with the U. S. Army, Corps 
of Engineers, and received his honorable discharge ear- 
lier this year. 


Edwin K. Pryor 


FORTER-TEICHMANN AWARDED CONTRACT 
Forter-Teichmann International, foreign sales outlet for 
Forter-Teichmann Co., has been awarded a contract for 
complete engineering, furnishing and placing in operation 


plants for the Syrian Glass and Porcelain Industries of 
Damascus, Syria. 

Over one million dollars is involved in the program 
for the production of window glass, rolled sheet glass, 
bottles and other glass products. 

Forter-Teichmann International handles all of the 
foreign business of Forter-Teichmann Company. 


PENNSALT MAKES STAFF CHANGES 
Pennsylvania Salt Manufacturing Company has an- 
nounced the appointment of Frederick C. Abbott, former- 
ly Manager of the New Products Division, as Assistant 
Production Manager in the Manufacturing Department. 

Named to succeed Mr, Abbott is Hugh Richard Bishop, 
recently released from the U. S. Army Air Forces, Martin 
E. Johnson has been transferred from the Market Re- 
search Department to the New Products Division. 

Mr. Abbott joined Pennsalt in 1943 and was in the 
Market Research Department before becoming Manager 
of the New Products Division, He was formerly associ- 
ated with Phosphate Mining Company, Ozark Chemical 
Company and the Texaco Salt Company. 


® Formation of a new company to serve Sweden and 
Finland has been announced by Bausch & Lomb Optical 
Company. Jointly owned by the optical firm and Aga- 
Baltic Ab, well-known Swedish corporation, the new 
concern will be known as Aga-Bausch & Lomb Ab. With 
headquarters located in Stockholm, Sweden, it will serve 
as a distributor of Bausch & Lomb’s entire line of scien- 
tific optical and ophthalmic instruments, equipment and 
eyewear. 
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DUPONT! 


CHECK THESE OUTSTANDING FEATURES 
OF DU PONT GLASS COLORS 


1. HIGH ALKAL!-RESISTANCE—Stand up under repeated ex- 
posure to hot caustic solutions. 


2. HIGH ACID-RESISTANCE— Once considered impossible to 
obtain jointly with high alkali-resistance. 


3. SULFIDE-RESISTANCE — Unaffected by constant direct con- 
tact with foods. 


4. WASH-RESISTANCE—Stand up under repeated washing 
and sterilization. 


5. STRAIN-FREE — Perfect matching of expansion coefficients 
with commercial bottle glass assures absence of strain 
and breakage. Du Pont can be your single source of standard and 
special match colors of all types, overglazes and 
6. EASILY APPLIED — Give smooth, even applications, excep- underglazes, body slip and glaze stains and Squeegee 
tionally high gloss—easily adapted to the heaviest of Oil. Du Pont Colors are made by scientifically con- 
multi-layer designs. trolled methods, pre-tested for full color value before 
shipment. Du Pont Technical and Laboratory Service 
7. SIMPLIFIED SCREEN DEPOSITION — of multi-colored de- is available to help solve your specific problems. 
signs and labels, when applied with improved Du Pont Trial runs can be made on your own ware in your 
Squeegee Oil. plant or in the Du Pont laboratories. For more details, 


just write: E. 1. du Pont de Nemours & Co., (Inc.), 
8. MATCHED TO YOUR REQUIREMENTS —to any shade or Electrochemicals Dept., Wilmington 98, Delaware. 
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LOGICAL FOR RESOURCES .... Within 35 miles, 
are large and as yet unexploited deposits of 98% 
silica sand. Other natural resources, coal, and nat- 
ural gas are abundant. 


LOGICAL IN SIZE... .A growing industrial city 


of 81,695 population that has experienced a 37% 
increase in permanent residents since the 1940 
census. 


LOGICAL FOR TRANSPORTATION FACILITIES 


. . . » Pueblo is located at the hub of direct rail, 
air and highway routes to leading markets in the 
East and West. 


LOGICAL FOR LABOR RELATIONS .... Willing 
and cooperative Western labor is available for your 
industry in this, the Industrial Center of seven 
Western States. 


LOGICAL IN CLIMATE... . Mild winters, cool 
summers and low humidity give ideal conditions 
for year around operations. Storage ceases to be a 
problem here, where arid conditions permit open 
air storage. 

LOGICAL FOR LOCAL MARKETS... . Pueblo 
has the largest single manufacturing payroll in the 
State and is a progressive community in the center 


of a surrounding market of more than 600,000 
prospective customers. 









































CONSIDER THESE FACTORS 
NOW! ... . Write today on your 
firm’s letterhead for your copy of ‘12 
Points To Prosperity.” No obligation, 
of course. 
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ARMSTRONG’S PERSONNEL PROGRAM ... 
(Continued from page 462) 


The Group Insurance Program, which covers life, 
health, and total and permanent disability, is paid for 
by the employee and the company on a 50-50 basis. Divi. 
dends received from the Insurance Company are distrib- 
uted to all members of the plan. In the more than 15 
years that the program has been in effect, each member 
has had returned to him approximately 30 per cent of 
his premiums, 

The General Retirement Program, which supplements 
Government Social Security benefits, provides a liberal 
income following retirement, This Program consists of 
three separate parts, two of which are paid for entirely by 
the company so that an employee participates in a large 
share of the benefits without making any contributions 
of his own. However, employees wishing to receive maxi- 
mum benefits can make small monthly payments, in which 
event the company adds an additional amount. Over- 
all, the company’s contribution to the insured portion 
alone is approximately 214 times that of the employee, 

The Income Security Program is carried entirely at 
the company’s expense and provides unemployment bene- 
fits during the period of waiting until state payments 
begin, a thrift plan facilitating the job of carrying indi- 
vidual savings accounts, and a prepaid wage plan where- 
by an employee with five or more years of service, who 
is laid off through no fault of his own, can receive 60 
per cent of full income for the balance of the year. 

Another prominent feature of Armstrong’s Personnel 
Program is an actively administered suggestion system 
under which employees are paid for usable ideas that 
contribute to improved manufacturing methods or prod- 
ucts, As an example of the awards that are sometimes 
paid under this system, one employee at the Millville 
plant recently received $1,600 for a single suggestion. 

In addition, the Personnel Program incorporates a 
large number of “those little things that mean so much 
to the individual.” “Open House” at the various plants 
enables the workers to serve as hosts and show their 
friends and relations just what they do; development of 
athletic and social activities helps to increase personal 
friendship and cooperation; presentation of service em- 
blems periodically highlights the unusually large pro- 
portion of employees who have been associated with the 
company for many years; and a lending library, clean 
locker rooms, and good cafeteria facilities help provide 
better relationships between the company and its em- 
ploy ees, 


JESSOP STEEL NAMES 
BRANCH MANAGER 


A recent announcement made by the Jessop Steel Com- 
pany has made known the appointment of T. F. De 
Normandie as Branch Manager of the company’s Buffalo, 
New York, office. His office will be in the Liberty Bank 
Building. 

Mr. De Normandie has been associated with Jessop 
for the past ten years. He has served in the production 
and sales departments and the sheet and plate division. 
During the latter part of the war, he was in charge of 
light armor plate production and sales. 
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GLASS-METAL SEALS... 
(Continued from page 470) 


close-packed or the cubic body-centered structure. When 
the atomic radii (taken as half the distance of closest ap- 
proach, without regard to the state of coordination) are 
considered the following values result: chromium——1.25, 
iron—1.24, cobalt—1l.25, nickel—1.24, copper—1.28, 
molybdenum—1.36, tungsten—1.36, _ platinum—1.38. 
There is good agreement here in some respects but the 
significance is not clear. It is noticeable, however, that 
all of these ions have smaller radii than ions of sodium, 
potassium, calcium, magnesium, and lead which are al- 
ready present in the spaces in the glass network, 

If the oxide theory is assumed valid the explanation 
is simplified because the metal oxide atoms then con- 
tribute oxygens to the glass network, thus increasing the 
number of single-bonded oxygens which can hold cations 
in the holes of the network. The action then becomes 
similar to that which occurs when PbO, for instance, 
is added to a silica glass. When the seal has cooled to 
room temperature metal ions are present in the network 
of the glass surface. This of course is over-simplification 
because no mechanism is suggested to explain the transi- 
tion from ionic bonding on one side to metallic bonding 
on the other. The transition, however, need not be more 
difficult to explain than the method by which a metal 
oxide adheres to a metal. 

Other explanations are also plausible. King*® has 
pointed out the presence of dendritic iron at the inter- 
face of enamel and steel. Weyl** summarized various 
mechanisms to explain adherence to glass, among which 
are formation of an oxide film and entrance of ions into 
the glass. Spencer-Strong and King** found that pres- 
ence of iron oxide was not necessary for enamel adher- 
ence. Perhaps significance should be attached to the con- 
tention of Hull, Burger, and Navias* that lead is pro- 
duced at the interface of a lead glass-iron seal (42 Alloy 
or iron) through reduction of lead oxide by ferrous 
metals, There is of course no lead oxide as such in 
glass, only lead ions, and reduction would involve a 
transfer of two electrons from some source to each of 
the lead ions to in order to convert these to atoms. 
The mechanism is difficult to visualize. No other inves- 
tigators have reported the formation of lead in such 
cases and confirming evidence is desirable. 

In summary, just as no satisfactory theory has yet 
been advanced to explain enamel adherence to metal no 
explanation of adherence in glass-metal seals is more 
than speculative, It is unfortunate that systematic in- 
vestigations, starting with simple glasses, utilizing ex- 
isting knowledge of chemical physics, and employing 
the full arsenal of modern scientific equipment, have not 
yet been undertaken. Reliance has been placed almost 
entirely upon empirical knowledge of enamelling and 
sealing procedures. This situation will undoubtedly 
show improvement in the near future. 

Since oxide is present in all commercial seals, whether 
essential or not, it is necessary in some cases to keep the 
oxide thickness to a low value. Usually, when metals 
oxidize too heavily during the sealing operation, it is 
posible to exercise good control over the oxide by means 
36. King, R. M., Glass Ind., 23, 421 (1942). 

37. Weyl, W. A., Glass Ind , 26, 557 (1945). 
38. Spencer-Strong, G. H. and King, R. M., J. Amer. Ceram. Soc., 13, 


208-14 (1934). 
39. U.S. Patent 2,192,892 (March 12, 1940) 
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of a process called “beading”, Beading is merely a pre- 
coating of metal with glass. If the metal part is a round 
rod or wire a close-fitting length of glass tubing is 
slipped over the wire, which is rotating horizontally 
about its axis, after pre-oxidation to give the required 
oxide thickness, and fused by means of sharp fires. The 
fusing is started at one end of the tubing and the fires are 
advanced along the length as the glass makes contact 
with the metal. In this way entrapment of bubbles is 
almost entirely avoided. 

The result of the above process is a metal rod on which 
a glass bead has been fused to cover part of the lenzth 
of the rod. The diameter and length of the gla-s bead 
may vary within wide limits. 

Beading may be performed in another manner, by the 
use of powdered glass (80-100 mesh), and in this sense 
the term “beading” has been extended to cover pre-coat- 
ing of any metal shape. The metal is heated to a tem- 
perature above the softening point of the glass, powdered 
glass is permitted to fall upon the hot surface in a fine 
stream, and the adherent glass is then heated sufficiently 
to flow over the surface of the metal. If this method is 
used with hard glasses there is danger of over-oxidation 
because of the higher temperatures required. This may 
be prevented by first coating the pre-oxidized part with 
a thin layer of molten borax or of low-melting glass. An 
alternative method is to heat the metal part ‘n a gas 
flame which carries methyl or ethyl borate, thus deposit- 
ing a layer of B,O, on the metal. Gas may be borized 
by passing over alcohol containing boric acid. 

In addition to its primary function of preventing the 
formation of excéssive oxide, beading in most instance: 
facilitates the making of a seal. It is much simpler to 
fuse a beaded lead into a hole in a glass bulb than it 
would be to seal an unbeaded wire into a hole. All things 
considered, glass adheres to glass more readily than it 
adheres to metal. In making a stem with hard glasses by 
forming the glass against tungsten or molybdenum leads 
between parallel jaws it is difficult with unbeaded leads 
to avoid capillaries or fine leakage paths along the sides 
of the wires that do not receive direct pressure. This 
defect is not likely to exist with beaded leads. 

In certain instances metal rods or wires sealed through 
glass are subjected to bending stresses of considerable 
magnitude. Beaded leads contribute more rigidity to 
the structure. 

In some types of tubes, such as metal vapor lamps. 
seals which are subject to temperatures of 200-300° C. 
or higher on the air side have a tendency to leak in serv- 
ice. Long beads which extend along the leads to a point 
where the temperature is lower are efficacious” in pre- 
venting leakage. 

Beading is rarely used with soft glasses since borax 
coating on Dumet wire serves somewhat the purposes. 
Thin-edge tubular seals are sometimes beaded before 
sealing into a glass envelope, particularly in the case of 
small cup terminals and similar designs which often are 
inside-outside seals. Metals which have a protective coat- 
ing of Cr,O,, such as chrome iron, Sylvania No, 4, etc.. 
do not require beading to prevent formation of oxide. 

With hard glasses beading is advisable because the 
working temperatures of these glasses are high. Even 
with oxygen-hydrogen fires there is danger of leaky seals 
because of the high surface tension of the glasses. 
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COLORED GLASSES ... 
(Continued from page 451) 


converted to the atomic or molecular form, The less 
probable this electron transfer, the more stable is the 
colorless ionic silver. Phosphate glasses are notably pro- 
tective toward silver ions because of the stability of the 
phosphate group. 

In general, the formation of color producing silver 
aggregates from the colorless ion is favored by reducing 
atmosphere, reducing agents, alkaline base glass and 
high melting temperature. The base glass also affects the 
solubility of metallic silver and the complex phenomena 
observed correspond entirely to those which Dr. Wey] 
extensively discusses in the case of gold. 


Silver Stain 


[he process of baking a vitreous surface coated with a 
mixture containing silver and clay or ochre in order to 
produce a color in this surface has been known for over 
a thousand years. The process involves the exchange of 
the alkali ions of the base glass with the silver ions in 
the coating. In the glass the silver ions are reduced to 
silver atoms which aggregate into small silver crystals 
imparting color to the surface coating. 

Only two ions, silver and copper, are capable of stain- 
ing glass in this manner. In the case of copper, reduction 
cannot be accomplished without the aid of a reducing 
atmosphere. 

The concentration of silver in the paste ranges between 
5 and 20 per cent, the temperature of the ware, e.g., 
550° C., although lower temperatures may suffice. The 
silver compound usually is the oxide, carbonate, sulfate, 
or sulfide, The silver in the paste must be in the form 
of ions, as metallic silver is incapable of migrating into 
the rigid glass. 

In the underlying chemical reaction the glass may 
be treated like a sodium ion and a huge anion, and one 
may write: 

Na* — glass + Ag’Cl = Ag’ — glass = + Na‘Cl 

The depth to which the coloration enters from the sur- 
face into the glass depends upon the diffusion of the 
silver ions into the glass, a process which takes place 
with comparative ease. The diffusion shows the usual de- 
pendence on temperature and gradient of concentration, 
the initial concentration at the surface being also de- 
pendent on the nature of the silver compound used. 

The clay or ochre contributes to the process by its 
capacity of binding the alkali released from the glass. 

Sodium glasses seem to take the stain better than 
potassium glasses, but in general the oxidizing or reduc- 
ing power of minor constituents Sb,O,, As,O, and Fe, O, 
is more important than the base glass composition. The 
silver stain has had applications outside the field of 
decoration. It has been used by W. Weyl and J. G. Turn- 
bull to make striae visible. 

The strengthening of the glass surface by the exchange 
of sodium with silver ion without subsequent reduction, 
which might be called an undeveloped silver stain, was 
proposed by F. L. Jones. 


Elemental Copper 

Nature of the Calor. As in the case of silver and gold, 
elemental copper causes the coloration of copper ruby 
glasses, in variation depending upon the size of the color- 
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in the design, development and manu- 
facture of Oil, Gas and Combination 
Burners for all types of industrial ap- 
plications (including many in the Glass 
and Ceramic Industries) helps us meet 
and solve many combustion problems. 
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engineers, today. 


NATIONAL AIROIL BURNER CO., Inc. 


1255 EAST SEDGLEY AVENUE, PHILADELPHIA 34, PENNA. 
TEXAS OFFICE: 2ND NATIONAL BANK BLDG., HOUSTON 


IAA 
* * INCORPORATED 1917 * * 


CLIPPER MADE THIS CUT 
IN 9 SECONDS 


NEWS FOR EVERY 
. « GLASS PLANT 


The new Clipper Multiple 
Cutting Principle makes 
possible faster cutting of 
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is a full time job 


Why Go Back to Horse 
and Buggy Days? 


@ The progressive manufacturer in every industry to- 
day turns to the specialists for component parts to 
standardize his production. 

In the enameling industry, manufacturers now buy 
frit . . . to place responsibility, maintain production, 
and increase cost. Color matching in an enameling 
plant from 20 to 30 oxides carried in stock, is going 
back to the “good old days” . . . dissatisfied custom- 
ers . . . color matching problems and increased costs. 
Don’t waste precious production time and money 
matching colors in your plant for each repeat order. 
Experience, not talk, has proven the wisdom of buying 
matched colors for efficient production in the enamel- 
ing shop. Uniform, worry free colors are promptly 
shipped to meet your production schedules from the 
largest stock of Ceramic Colors in the world at the 
O. Hommel Company. 
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Guide Rings 


Like all Gunite glasshouse castings Standard grade 
A is used for guide rings because it is best adapted 
to this particular purpose. 


There is a suitable Gunite Alloy for every type of 
glass making part. including Plungers, Guide Rings, 
Neck Ring Sticks, as well as Round Bar Stock. 
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ing aggregates, The chemistry of copper glasses, how. 
ever, is complicated by the fact that the ions Cu* and Cy* 
also can appear and cause various colorations; these 
were discussed in a previous section. If the red colors 
based on elemental copper are to be produced, the ap. 
pearance of the ionic colors is classed as a defect. 

The colors caused by elemental copper in different 
states of subdivision are classified as follows: (1) The 
transparent red copper ruby, containing copper crystals 
of colloidal size. (2) The opaque red hematinone, con- 
taining copper particles of the order of magnitude of the 
wave length of visible light. (3) The aventurine, con- 
taining glittering crystals of copper, .5 to 1 mm in size, 
(4) Copper stain, a transparent red color in the surface 
layer of glass introduced by the migration of copper 























ion from copper compounds into the finished glass and § 
their subsequent reduction to elemental copper. fire 

The first type, copper ruby, corresponds to gold ruby Boh 
and yellow silver glass, the second and third, hematinone of 
and aventurine, to certain variations of gold and silver bas 
glasses which are often undesirable, and the fourth, cop- and 
per stain, to the silver stain. The noble character of gold § 't@! 
accounts for the absence of a gold stain based on the 
migration of ions. 

The copper ruby is commercially important; the ap- 
plication of the copper stain is limited; and the use of 
hematinone and aventurine is historical. 

The concentration of copper in ruby glass is about 1 Ea 
per cent, in hematinone 10 per cent and in aventurine 5 sec 
per cent. Gl. 

Only on heating do the colors of all these types appear or 
from a colorless condition which corresponds to solution | 
in atomic subdivision. Copper rubies require reducing co 
conditions and, frequently, the presence of tin. Copper At 
stain, unlike silver stain, requires a second, reducing do 
fire. The red colors obtained with elemental copper are am 
very dark, The absorption is maximal at about 550, ce 
minimal at about 690 mp. 

Base Glass. The influence of the base glass is caused 
by the varying solubility of copper in various base 
glasses, the varying change of the solubility of copper 
with temperature and the closely related influence of A 
viscosity on these conditions. Lead glasses have a higher A 
solvent power for copper than soda lime glasses. How- S 
ever, copper ruby has been made from Fourcault glass. - 

Tin Oxide and the Reduction of Copper Oxide. Up to 
the most recent time, about 1 per cent tin oxide has been ; 


considered essential for the formation of copper ruby. 
Copper is used significantly in the analytical borax bead 
test for tin. Tin oxide is usually referred to as a reduc- 
ing agent for copper oxide; however, according to Dr. 
Weyl this assumption is very doubtful. SnO, is more 
effective than SnO, and other reducing agents are by 
no means effective. 

The equilibrium of the three steps of oxidation of 
copper: 

Cu — Cu* — Cu” 

is not well understood. It seems certain that the decom- 
position of Cu* compounds does not lead to Cu alone, 
but to Cu and Cu, Cu™ causes red absorption and the 
green absorption interferes with the brilliancy of the red 
ruby glass. 

Sulfur, phosphorus and the cyanides appear to dispose 
of the excessive Cu”, and the operation with cyanides 
has been reported to be particularly successful. 
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Other additions which have been proposed to steer 
the process in the desired manner are silicon, antimony 
and silicon carbide. 

Reheating. The influence of reheating is treated ex- 
tensively by Dr. Weyl. The range of most favorable re- 
heating temperatures for obtaining pure red colors is 
narrow. At too high temperatures the solubility is high 
and the development of color, i.e., “striking,” ceases. 
The transition ranges lead to impure colors because of 
size of aggregation. At low temperatures reheating times 
become very long and, again, color deviations are ob- 
served. 

Copper Stain. Unlike the age-old silver stain, copper 
stain is a recent invention of Bohemia (1832). The proc- 
ess is more complicated than that of silver staining be- 
cause the red color appears only if a second, reducing 
fire is applied. The variety of potash glass produced in 
Bohemia, happens to be best suited for the base exchange 
of alkali and copper ions upon which the process is 
based. The copper ions migrate from a slip of iron oxide 
and gum arabic, containing copper oxide in a concen- 
tration of about 25 per cent, 


N., J. Kreidl 


CORNING MAKES 
SECOND-QUARTER REPORT 


Earnings of $553,695, equal to 19 cents a share for the 
second quarter of 1946, were reported by the Corning 
Glass Works. These amounts compare with $529,970, 
or 18 cents a share for the same period in 1945. 
Serious losses caused by a flood were sustained at the 
company’s Wellsboro, Pa., plant and its Corning plant. 
At Corning, major manufacturing operations were shut 
down for two weeks. As a result of the flood, non- 
recurring charges of $145,000 were incurred for repair- 
ing plant and equipment and for replacing materials. 


KAISER WILHELM SOCIETY 
DISSOLVED 


A recent report has revealed the decision of the four 
Allied occupation powers to dissolve the Kaiser Wilhelm 
Society. The Society was one of the world’s most famous 
scientific research organizations. 

Some of the laboratories of the Society’s thirty-eight 
research institutes will be permitted to open for peace- 
ful scientific research even though the Society is dis- 
solved, 





CLASSIFIED ADVERTISEMENTS 


POSITION WANTED 
FURNACE ENGINEER—Graduate engineer with pro- 
fessional license. Experienced in comovlete design and 
construction of glass tank furnaces. Thorough knowl- 
edge of fuels, combustion, refractories, automatic con- 
trol instruments and fuel oil equipment. Maximum 
production of good quality glass per unit of melting 
area, longer refractory life and efficient fuel consump- 
tion are the results of my work. Reply Box 45, c/o The 
Glass Industry, 55 West 42nd Street, New York 18, N. Y. 





A NEW MODEL 
POLAROID * 


Glass inspection polariscope 


Polarizing field is of 6” diameter. The analyzing 
eyepiece is located 14” from the polarizer. The eye- 
piece is a rectangle 3!/,” x 1” with a facility of vision 
far greater than any unit made previously by us. 
It can be swung to any position from the vertical to 
the horizontal. 


Send for descriptive bulletin 
THE POLARIZING INSTRUMENT CO., INC. 


41 EAST 42nd STREET NEW YORK CITY, 17 
°T.M. Reg. U.S. Pat. Off. 











HELP WANTED 
EXCELLENT OPPORTUNITIES open for engineers in- 
terested in various fields of glass production. Inquiries 
will be kept confidential. Address E. W. H—De - 
ment #3, The Federal Glass Company, Columbus 7, Ohio. 
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